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PUSH BUTTON PANEL controls opera- 
tions rapidly, even at remote locations. 


FLAT VACUUM PLATEN assures positive 
hold down of roll or sheet paper up to 12%” 
width. Plot area, standard 10x15”. 
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PRINTING FEATURES: Multiple symbol 
printing head—12 symbols...self contained 
ank supply. 

Pen System—capillary action; splatter-proof. 
Point joiner available. 
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engineered for ease of operation...new 


INTERCHANGEABLE MODULES add ver- 
satility...interchange with basic control 
section. e 


point plotting or continuous trace 





Slimmer, flatter, push-button fast... Librascope’s 
newest, most advanced plotter is the result of per- 
sonally-conducted field research by Librascope 
engineers. Compact design permits rack 
mounting in groups, saves desk space. 
Many new conveniences have been added 

to answer your needs. 


OPERATING INFORMATION 


INPUT SENSITIVITY: .5 millivolts per inch 
° 50 pon per ye “" colibrated push 
. ” utton scales at .5, .1, 5, an milli- 
yeh ua Dade volts per inch and.1,.5, 1,5 and 10 volts per 
INPUT: Yi inch. Vernier controls permit continuous sen- 
teolat aes inputs sitivity adjustment between fixed scales, per- 
arp detery each other and mitting full scale plotting for any sensitivity. 
cane eenaTIeNCe: ACCURACY: Static .1%, dynamic .2% at 10” 
VUE: per second. 
ie andy yo a PLOTTER CALIBRATION ACCURACY: now ce 
volt on .5 millivolts per inch .05% on all scales. over 
to .1 volts per inch scales. SLEWING SPEED: 20” per second. 
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: : eae . . us universities. You 
For information on career opportunities at Librascope, write Glen Seltzer, Employment Manager. Us the f g 
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LIBRASCOPE division GENERAL PRECISION, INC. © 808 Western Ave., Glendale, Califor t an 


For full details — dimensions, applications, list of accessory equipment, call our Sales 
Engineering Department or send for illustrated brochure on Model 210, XY Plotter. @®) 
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Versatile torque-feedback system measures drift rate components without 
the use of rate tables 
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New technique for reducing drift results in a more compact unit 
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PLUG-IN HYFEN SOCKET 


WITH CRIMP-TYPE, SNAP-LOCKED TERMINATIONS 
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a new line of Hyfen 
connectors for plug-in 
relays, including crystal can 



















relays . . . crimp-type 
Hyfen terminations provide 
thousands of identical 
installations for stable 
electrical and mechanical 
performance under extreme 
conditions of vibration, 
shock, and acceleration. 
Sockets available to mate 
with relays of all leading 
manufacturers. For further ; 
information write f 
Omaton Division, 





















Quickly installed individual crimp 
type terminations are easily remov. — 
able and replaceable for flexibility of 

circuitry. 
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NOW...AN INDUSTRY FIRST FROM FAIRCHILD 


A REVOLUTIONARY 
PRESSURE TRANSDUCER 
WITH OV. D-C OUTPUT 








Souio-Stare STRAIN GAUGE TRANSDUCER 





OTHERS MAY HAVE PROMISED IT... STILL OTHERS MIGHT 
HAVE HINTED THEY'RE ON THE VERGE OF GETTING IT... BUT ONLY 
FAIRCHILD HAS IT!... THE INDUSTRY'S FIRST 3S-G 


The Fairchild 3S-G combines the best overall characteristics of both 
strain gauge and pot-type transducers, has none of their inadequacies. 
It has a semiconductor strain-gauge sensor. It possesses extraordinary 
accuracy and environmental capabilities. It produces a 5-volt d-c output 
signal that eliminates the need for impedance-matching or signal ampli- 
fication. In its utter simplicity (only two mechanically-functioning parts) 
it is extremely reliable. It also incorporates a resistive calibration device. 


The Fairchild 3S-G is responsive to both static and high-frequency dy- 
namic pressures. It is fully compatible with existing military ground 
telemetry and industrial systems. It is competitively priced, measures 
all media and is insensitive to case distortions. 


The Fairchild 3S-G is only 3” long, 11/,” diam., and weighs only 5 ounces. 
It meets and exceeds MIL-E-5272B. Pressure ranges from 0-100 to 
0-10,000 psig full scale now available, below 100 psig will be available 
soon. Better than +0.1% linearity and 0.1% hysteresis over temperature 
range of —65 to +250°F. Both zero and full range sensitivity change less 
than 0.5% over any 100°F excursion within the rated temp. range. It 
has infinite resolution. 


Fairchild components . . . built and tested beyond the specs for Reliability in Performance. 


IRGHILD conroration fete cros 
POTENTIOMETERS 


225 Park Ave., Hicksville, L. 1., N.Y. * 6111 E. Washington Bivd., Los Angeles, Cal. i) 
A Subsidiary of Fairchild Camera and Instrument Corporation {i ACCELEROMETERS 
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YOU'VE NEVER SEEN METERS THANG 


Have a look — maybe one, 


A METER WITH A MEMORY. Retains a 


reading on command, holds it until inten- 
tionally “erased.” Especially useful where 
simultaneous readings must be taken from 
a number of meters at a critical instant. 
Solenoid-actuated memory element, an 
integral part of the meter package, can 
be manually or automatically controlled 
from a remote or local source through 
conventional devices. Meter can be sup- 
plied to measure any AC or DC current 
or voltage, from microamp and millivolt 
ranges on up. Request Data Sheet 1] 
for more information. 


FOR MEMORY READER 
CIRCLE NO. 4 ON INQUIRY CARD 








A DYNAMOMETER-LESS, POWER-CONTROL- 
LING WATTMETER. Gives accurate, true 


wattage measurement and control through 
Hall-effect solid-state device coupled with 
a contact meter-relay. Adjustable set- 
points (single high or low, or double high 
or low) permit automatic on-off control” 
of power level or consumption. Sensitive | 
meter movement will handle even low 
milliwatt ranges, AC (20 cps to I ke)” 
or DC. Meter-relay may be of the lock © 
ing-contact or continuous-reading type. 
Also available as R.M.S. Voltmeter of 
Ammeter or Varmeter. Request Dalit) 
Sheet 20 for more information. 5 


FOR POWER-CONTROLLING WATTMETER 
CIRCLE NO. 5 ON INQUIRY CARD 
ELECTROMECHANICAL 2 





Fe 
Mi: 















FIE 
MI 
PR 





















TROL: 
e, true 
hrough 
od with 
le set- 





le high 
control 
ensitive 
en low 
a ke) 
e a 


i ae 


a a 
it Data 


ETER 
iD E 
nen 


OW 


FROM BORG, 
MAKER OF 





FAMOUS 


IN THE 
FIELD OF 


/PRECISION 
|POTENTIOMETERS 


i for complete engineering data... 
: hates Sheets BED-A160 and BED-A161 
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sihese tolerances are identical. 
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ICROPOTS, 





tale SASS pane ten-turn: 3600° 
ue SVOURUION ............. ten-turn: 
Range ....ten-turn: 25 to 120,000 ohms**; three- turn: 


1080° +5° —0°* 
10660". -+5°"—0°* 
10 to 40,000 ohms* * 
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NEW BORG 
2100 SERIES 
MINIATURE 
MICROPOTS 









10-TURN 
SHOWN 
ACTUAL 
3-TURN SIZE 


A new concept in the field of mini- 
ature precision potentiometers . . . 
Borg 2100 Series Micropots! Only 
1%” diameter, these new Micro- 
pots are wirewound, multiturn 
and linear. Housings are alumi- 
num for maximum heat dissipa- 
tion and are completely sealed 
against sand, dust and moisture. 
Permanent concentricity is as- 
sured. Terminals are gold plated 
for perfect solderability and are 
color coded to identify function! 
Available in ten and three-turn 
models, the 2100 Series can be 
ganged up to three units. Stand- 
ard resistance ranges of from 25 
to 120,000 ohms for ten-turn 
models, and from 10 to 40,000 
ohms for three-turn models are 
available. Other resistances on 
special order. Let us send you 
complete information on new 
Borg 2100 Series Micropots today! 


BORG EQUIPMENT DIVISION 
Amphenol-Borg Electronics Corporation 
JANESVILLE, WISCONSIN 
Phone Pleasant 4-6616 


| BORG, 


: ten-turn — 25 to 50 ohms +10%; 100 to 120,000 ohms +3%; 120,000 ohms +5%. 
three-turn — 10 to 30 ohms +10%; 100 to 40,000 ohms +3%. 
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INERTIAL GYRO TEST 


Versatile Torque-Feedback System Measures Drift Rate Components Without Use of Rate Table 


The guidance of submarines, aircraft, 
and missiles over extended time pe- 
riods has placed stringent require- 
ments on the gyroscope as a means 
of preserving reference orientation 
fixed in inertial space. To meet the 
precision needs of inertial navigation, 
the single-degree-of-freedom “integrat- 
ing” gyro was developed, having no 
elastic restraint (as in the rate gyro) 
but being used in a closed feedback 
“nulling” loop which usually includes 
a gimbal platform system. 

The principal errors of an integrat- 
ing gyro can be attributed to spurious 
unbalancing torques which mask the 
gyro null and cause the gyro and its 
platform to “drift” in an effort to can- 
cel out these signals. For intermedi- 
ate-range and long-range inertial guid- 
ance systems, accurate measurement 
of the resulting gyro “drift rates” has 
become essential to the achievement 
of precise and predictable system op- 
eration. 

From the days of integrating gyro 
development at the M. I. T. Instru- 
mentation Laboratory, the Model “D” 
servo table has become a standard fix- 
ture for the research and testing of 
precision gyros. While the table is 
costly, it has provided a flexibility of 
testing that is essential to the research 
process. 

Today, however, inertial navigation 
systems are in production, and are 
moving into field use. The testing of 
inertial gyros must now move from 
the laboratory to the factory, to stor- 
age and repair depots, and to opera- 
tional units in the field. For the 
precise testing of gyros under varied 
conditions, it appears that the cumber- 
some servo table will give way to 
torque-feedback (or torque-to-balance) 
test equipment described in this ar- 
ticle. 

To establish standardization torque- 
feedback testing of gyros in the 
Polaris missile program, the GYRO- 
TEST TF-76 test station was devel- 
oped by Dynamics Research Corpora- 
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tion (Stoneham, Massachusetts), with 
the sponsorship and assistance of the 
M.I.T. Instrumentation Laboratory. 
This equipment requires simpler elec- 
tronics and replaces the costly Model 
“D” servo table with a simple test 
stand which must merely hold the 
gyro at fixed and known orientation 
relative to the Earth. 

Elimination of the bulky table not 
only reduces cost and operational com- 
plexity, but it opens up the important 
testing possibilities shown in Fig. 1. 
The table-servo and _ torque-feedback 
methods of drift-rate testing are illus- 
trated schematically in Fig. 2 and 
compared in the summary table. Com- 
ponents of the GYROTEST TF-76 test 
station are shown in Fig. 3. 


Determination of Gyro 
Drift-Rate Components 


In a_ single-degree-of-freedom (SDF) 
integration gyro, shown schematically 


in Fig. 4, an important set of o 
nal axes is established. The spin 


erence axis (SRA) is defined coing 


dent with the undeflected position 
the wheel spin, or wheel angular 
mentum, vector. The output axis 0 
is- defined mechanically by 
of the low-friction pivots about whi 
the gyro gimbal and two mi 
rotors are constrained to rotate, 
input axis (IA) forms an 9 
nal set, such that positive input 
tion about IA causes SRA to 
toward alignment with IA, produc 
a positive output rotation about 0 
SDF Gyro Torque Summation; 
microsyn rotors and gyro gimbal { 


latter actually sealed within a cylinds 


cal float housing) form a rigid to 
summing member which is constrai 
to rotate about the output axis. 
principal torques summed by 
member are: 
(a) Gyro precessional torque, 
response to net angular 


Fig 1 APPLICATION OF GYRO TESTING EQUIPMENT 














A. Table servo testing in research 
laboratory environment. Model “D” 
table allows variety of tests required for 
gyro research, but is costly and cumber- 
some for more limited test procedures. 
































B. Torque-feedback testing 
lends itself to standardized 
tests performed by gyro manufad 
Completed gyros are mounted in 
cube of GYROTEST Station, 
stationary relative to Earth for 
tests that isolate drift-rate 
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displacement 
from its “null” 


Torques are 


ibly by the 


oe 


about the input axis, deter- 
mined by the vector cross-prod- 
uct of gyro spin angular momen- 
tum H and input angular 
velocity W; 

(b) Torque generator drive, an ap- 
plied torque (sometimes con- 

stant, sometimes programmed) to 





ible simulate an angular velocity in- 
put and thereby act to “bias” the 
gyro; 
(c) Correction torques, also intro- 
duced by the torque generator, 
E orthog to concel out predictable error 
spin re components and, in certain 
d coin closed-loop nulling operations, 
osition ¢ to cancel gyro precessional 
ular mf torques; 
“7 (04 (d) Damping torques, first-derivative 
: eo reaction torques resulting from 
out whi 







viscous shear of the damping 
fluid between gyro float housing 
and case; 


mi CUTOS 
tate, 


Oro (e) Predictable error torques (un- 
nput rot compensated), contributed by 


mass unbalance, mechanical com- 
pliance, microsyn electromagnetic 
reaction torques, and other re- 
peatable sources; 

(f) Uncertainty torques, the unpre- 
dictable, and uncorrectable, com- 
ponents of gyro inaccuracy. 

The rigid torque summing member 


rid torqi 
-onstrail 





a: M adds these component torques directly, 
Y ™)and the resultant acts to produce a 
displacement of the signal generator 

iy fom its “null” position. 


Torques are combined indistinguish- 
ably by the torque summing mem- 
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ber, and all torques, both error and 
signal, can be interpreted as an 
equivalent augular velocity about the 
input axis. When the gyro is used in a 
closed-loop “nulling” system, the table 
carrying the gyro is driven to cancel 
all torques acting upon the gyro. 
Thus, the table will “drift” in an effort 
to cancel out spurious error and un- 
certainty torques. The size of the 
drift rates generated is an important 
figure of merit for any inertial gyro. 


Three Drift-Rate Sources: Three prin- 
cipal sources of spurious torque about 
the gyro output axis are illustrated in 
Fig. 4. As shown, the first source is 
gravity-insensitive and therefore is in- 
dependent of physical orientation of 
the gyro case relative to a gravity or 
motion acceleration vector. This so- 
called “bias” torque My, is intro- 
duced by gyro power leads, microsyn 
reaction fields, mechanical deforma- 
tion, etc., and the drift-rate component 
induced by this torque is designated 
Whias: 

If there is masse unbalance in the 
gyro structure, gravity and motion ac- 
celeration can act upon it in three 


orthogonal directions to produce torque | 
components about three axis. Because }; 


the rotating torque-summing structure 
of a single-degree-of-freedom gyro is 
constrained by its pivots, gravity act- 
ing along the output axis (OA) will 
produce a mass-unbalance torque that 
is resisted, and nullified, by the sup- 
porting pivots. 




















Gravity along the spin reference axis 
(SRA) will act upon a mass unbalanced 
out of the OA-SRA plane, and produce 
a spurious torque Mgr, about the out- 
put axis. This torque, illustrated in 
Fig. 4, interferes with desired signal 
torques and is the cause of drift-rate 
component Wgra- 

Likewise, gravity (or other accelera- 
tion) acting along the input axis (IA) 
will act upon a mass unbalance out of 
the OA-IA plane to produce a third 
interference torque M;, as shown in 
the lower illustration of Fig. 4. The 
drift rate produced by this third spu- 
rious output torque is wy,. 

A task of gyro drift-rate determina- 
tion is to isolate and evaluate these 
three sources of drift. There may be 
additional causes of gyro drift rate in 
long time-of-flight inertial systems, 
such as_ isoelasticity components 
due to bending of gyro structure 



































D. At missile launching site, torque- 
feedback equipment, miniaturized for 
field use, can be used for drift-rate 
checking of gyro spares and of gyros 
in sealed assemblies. 






































E. With elimination of servo table, 
torque-feedback gyro tests can be con- 
ducted during extended land-based stor- 
age of combat-ready missi‘es. Drift-rate 
checkout signal can be taken directly 
from connecting cable. 
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SYSTEMS DESIGN 

































































































































































































Approx. cost per test station: $50,000 


sq. ft. of floor space. 





Fig 2. Basic configurations of two methods for determining gyro drift rate 


nents of gyro drift-rate are read from prepared curves. 


Weight and Space Requirements: 800-lb table and 775-lb sub-base replace 1500-Ib rate table. Electronics also weigh less and cat 
are heaviest elements. Standard table-servo station raquires 100 be ministurized. Torque-feedback test station occupies less 





















Fig 2 
Three drift- 
ynbalance) 
are fewer | 
—, operating 
N maintenance 
EARTH Output is in 
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} atically in F 
itput torques 

COMPARISON OF TWO GYRO DRIFT-RATE TESTING METHODS mites can be 
ays. In the in 
gyro is used ir 
TABLE SERVO METHOD TORQUE FEEDBACK METHOD hold itself anc 
space, relative 
1. OPERATING SEQUENCE input axis, Ar 
Test gyro receives known component of Earth rate, and produces Test gyro receives known component of Earth rate, and produces wil see the s 
output (error) signal which is amplified (then integrated by table output signal which is amplified, then integrated by small gear rotate by the 

drive motor) to rotate rate table (and mounted gyro) so as to train drive motor, to produce control current which drives the torque Byly h 

. . . plus whatever 

cancel out Earth rate and return gyro signal generator back to null. generator to balance the total of gyro input torque and drift torque. & pdutout t 
Increments of table angle (usually 1° every 4 minutes) are read Continuous digital and analog readings of total rate (known — tput tor 
out and compared with sidereal frequency reference to produce Earth-rate component plus gyro drift) are produced. Four gyro @M0Wn Compon 
integrated (averaged) table time, or position, error which is at- orientations are tested to yield test-loop coefficient K and 3 com @itacted out, the 
tributed to gyro. Three gyro orientations are tested, and 3 compo- ponents of gyro drift-rate by simple calculation. is then known 


otientation ret): 






2. NATURE OF TEST LOOP feet car 
, spect to Earth 
Combined signal-level, power-level, electromechanical, and mechan- Instrument power level throughout. Eliminates need for table power #idique generate 
ical-motion loop. Signal voltage is amplified to drive table which, amplifiers, electromechanical drives, and precision mechanical table Boy). rate bias 
in turn, produces motion coupling to gyro to produce null condition. structure. Bath rate. TI 
Sigal is integ 
3. COMPONENTS IN LOOP interval f 
Gyro and signal generator are enclosed in test loop, but torque Gyro, signal generator, and torque generator are enclosed in tet Bilin, Both inert 
generator is not employed in standard drift-rate tests. Procedure loop. Inclusion or torque generator is particularly desirable for Bist, mee close 
is satisfactory for gyros used to hold platform fixed in inertial space. gyros used to drive stable platforms at substantial portions of Pretormed. with 
rate. — 
wgonal orient 
4. TEST EQUIPMENT REQUIRED i of the - 
nit shown in 
Components: Components: Ath 
Two-axis mechanical rate table Gyro holding cube ion om met} 
Gyro power supply Gyro power supply Bis 8 a rate 
Table servo power drives Test loop electronics and instrument servo st, in which t 
Test loop electronics Approx. cost per test station: $25,000 by the rate- 


Weight and Space Requirements: 50-lb test stand and holding cube 
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30 sq. ft. i 
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F Fig 2 (Cont. ) 
Three 











) are determined from three separate gyro tests. There 
fewer steps in test procedure, but slightly greater setup and 
ax operating time. Also, more complex equipment requires greater 
maintenance. 
Output is integrated (averaged) table angle error, which appears 
as average time-error signals printed at approx. 4-minute intervals 
by elapsed time recorder. 
Instability of reference voltage source 


Null uncertainty of table drive servo 
Error in table angle pickoff 


—s 


js | 


period than gyro time-of-flight. 





rift-rate components (one gravity-insensitive and two mass- 


Requires gyro | boratory with precision mechanical rate table and 
necessary power. Test interval is set by precise angle markings on 
fable readout. Normal test procedure may average drift over longer 


5. TEST PROCEDURE 


imately equal. 


6. FORM OF OUTPUT 


7. PRINCIPAL ERROR SOURCES 


Instability of reference voltage source 
Uncompensated phase shift and quadrature of test loop 
Possible variation in gyro calibration coefficient 


8. VERSATILITY OF METHOD 


meters. 


9. SUMMARY 


Comparative tests have shown that torque-feedback and table-servo methods produce statistically identical drift-rate results. Two test 
| methods are thus validly interchangeable, Torque-feedback method does not require precision servo table, and test station is appreciably 
smaller, lighter, easier to operate and maintain, and less costly. Torque-feedback test produces continuous angular-rate data that can be 
averaged as desired and from which three principal drift-rate components are calculated directly. 


Calibration test first performed to determine coefficient K of test 
loop. Three drift components are then determined from three sep- 
arate gyro tests. Additional calibration test required, but table 
operating procedures eliminated. Test times by two methods approx- 


Output is continuous rate signal, averaged by 20-second smoothing 
of test loop, available as direct-reading decimal-digital indication, 
and as autom :tic digital printout. 


Equipment can be made portable, and tests conducted in field, with 
gyro mounted in system. Length of test interval can be arbitrarily 
set, and loop smoothing cdjusted by selection of electronic para- 





























mder heavy g-forces. Depending upon 
the particular system application, such 
yurces of drift rate may require the 
iyo to be rotated or centrifuged for 
isolation. 
TableServo Drift Measurement: Using 
i, servo-driven turntable, shown sche- 
mtically in Fig. 2, the spurious gyro 
itput torques and their induced drift 
ates can be determined in several 
ys. In the inertial reference test, the 
go is used in a closed servo loop to 
hold itself and table fixed in inertial 
space, relative to the gyro’s sensitive 
input axis. An Earth-based observer 
produces Will see the stabilized table counter- 
all gear Brotate by the amount of Earth rate, 


ae ws Whatever drift-rate the erroneous 

pits 10 output torques may induce. If the 
sur gyro awn Component of Earth rate is sub- 
1 3 com Bltacted out, the magnitude of drift rate 


then known for the particular gyro 
mentation retlative to gravity. 

This test can be performed with re- 
Sect to Earth reference by using the 
que generator to insert a precise an- 
at rate bias to exactly compensate 
m rate. The remaining drift-rate 
is integrated over a sufficient 
ine interval for accurate determina- 
“ . #™. Both inertial reference and Earth 
‘ of Eorh Bete closed-loop servo tests are 

“omed with the gyro in three or- 
bgon: eeations chosen for isola- 
: ree principal sources of 
iit shown in Fig. 4, : 

A third method of drift determina- 

Mising a rate table is the “tumbling” 
in Which the servo loop is closed, 
‘ng by the rate-table drive, but by feed- 
and tf. "0M the gyro signal generator to 
less thor § 810 torque generator. Torque gen- 

E ck current, used to excite 
xt pag? fF af the torque generator windings, 





le power 


ical table & 











is continuously recorded. The other 
winding carries an independent fixed 
current. The torque corresponding to 
feedback current is equivalent to input 
angular velocity. The rate table is 
driven open-loop to “tumble” the gyro 
at several times Earth rate. Depending 
upon the plane of table rotation, vari- 
ous components of gyro drift appear 
as cyclical variations in the recorded 
torque-generator current. Methods of 
waveform analysis are then used to ex- 
tract the various drift-rate components. 
This test can be conducted with the 
gyro wheel either on or off, and com- 
parative effects observed. 

In the table-servo testing of produc- 
tion gyros, the inertial reference meth- 
od first described is generally used. 
With the gyro striving to hold itself 
and table fixed in inertial space, the 
rotation of the pedestal under the table 
can be measured and compared with a 
precise sidereal (i. e., inertial, not solar) 
rate of Earth rotation. Any difference 
between these two rates is attributed to 
gyro drift. 

The data pickoff system generally 
used with servo tables results in this 
angular velocity comparison being per- 
formed discontinuously as an integrated 
position, or time, error, The test table 
carries a precise glass scale etched at 
intervals of 10 minutes of arc. A read- 
out system produces a pulse as each 
mark passes a reference position. This 
pulse actuates an elapsed time record- 
er which, operating relative to a pre- 
cision clock, prints out the exact time 
of pulse generation. Time is usually 
recorded for each 1° of table rotation 
and, with Earth rate being 15° per 
hour, a time recording would ideally 
be made exactly every 4 minutes. The 


time recorder tape can be processed to 
yield incremental or average turntable 
rates, and drift-rate components deter- 
mined by subtraction of known com- 
ponent of Earth rate. 

For time T (in minutes) required for 
1° of table rotation, the equation for 
drift (in milli-Earth-rate units, or “me- 
ru”), with the gyro receiving the cosine 
of Earth rate, is simply 





j Ags 4 (min) 
Warirt = 1000] cos lat — F (min) 
in meru 
TABLE i 


Calculation of Drift-Rate Components 

From Digital Readings (N) Indicating 

Total Rate Signals From Torque Feed- 
back Test Method 


FOUR SUCCESSIVE TESTS 
Test 1: SRA vertical, up; IA south; for 
digital reading Ni 
Test 2: SRA vertical, up; IA north; for 
digital reading Ne 
Test 3: SRA vertical, down; IA north, 
for digital reading Ns 
Test 4: SRA north, IA vertical, up; for 
digital reading N« 


COMPUTATIONS 
Test loop coefficient (scale factor): 
2000 cos lat 
meru/readout unit 


Drift rate components (w == w): 
(Ne ++ Ns) 
w = K-—-—-—-—— + 100 cos lat 
bias 2 meru 


cos lat) meru 




























































SYSTEMS DESIGN 

















Fig 3 Gyrotest torque-feedback gyro test station consists of two 66” elec- 
tronic consoles, gyro holding cube, test stand, and accessory frequency stand- 
ard, Contains all necessary power circuits (operating from single-phase 115- 


























volt, 10% line) and instrumentation for evaluating drift-rate components 
and performing temperature and suspension tests. 


OSCILLOSCOPE PANEL— 

Provides indication for electronic system monitoring, quad- 
rature adjustment and nulling, and suspension tests. 
With system reference voltage on X-axis and signal gen- 
erator output on Y-axis, indicat-s signal generator null 
for quadrature adjustment and, in conjunction with 
phase comparator, checks signal generator phase rela- 
tive to reference excitation. Oscilloscope is also used to 
check centering of suspension by indicating transient de- 
cay for step displacement of rotor. 


MISCELLANEOUS ELECTRONICS— 

Contains gyro excitation reference transformer, low- 
frequency bandpass filters, oven for temperature- 
stabilized components, motor-tachometer drive isolation 
transformers, quadrature compensation circuits, and step- 
input test voltage circuit. Controls include quadrature 
amplitude control and step test button. 


GEAR TRAIN AND DIGITAL READOUT— 

Contains mofor-tachometer, gear train 40-turn Helipot, 
large-numeral Veeder-Root visual readout, and digitizer 
for analog-to-digital conversion input to Clary printout. 
Controls include 5-position system mode selection switch 
and output polarity switch. 


SERVO AND TEST AMPLIFIERS— 

Include preamplifier, two interstage operation amplifiers, 
10-watt servo amplifier, servo caging amplifier, and tem- 
perature test amplifier and demodulator to provide d-c 
to pen recorder. Adjustments include signal generator 
zero phase set control, 


CHRONOLOG CLOCK— 

Produces precise timing pulses automatically at selected 
intervals of 1, 2, 3, or 5 minutes, or manually at any 
arbitrary time. Clock also provides 3-digit time signals to 
digital printout. Controls include time interval selector 
and manual printout button. 
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DATA PROCESSOR— 

Receives coded electrical information from digitizer on 
gear train and converts to numerical printoot signals for 
Clary printer. 


DIGITAL PRINTOUT— 

Compartment contains Clary printer for periodically re- 
cording, on standard paper tape, 3 digits of testing time 
and 4 digits of drift-rate indication, repeated directly 
from visual readout. 


30-WATT REFERENCE AMPLIFIER— 

Generates 30 watts of amplitude-regulated 100-volt o« 
from reference frequency of 800-cps standard. Provides 
reference excitation to 40-turn feedback potentiometer, 
signal and torque generator primary windings, ond 
motor main field and tachometer excitation windings. 
Controls include output voltage range selector and load 
compensation control, 


AC REGULATOR— 

Regulates output amplitude of 30-watt reference ampli — 
fier with short-term (one-hour) st bility better than 0.03% 
and long-term (30-day) stability of 0.1%. 


SUSPENSION AND CENTERING PANEL— : 
Provides for selection and trimming of capacitors for elec 
trical centering of gyro rotating assembly, according to 
oscilloscope display. Controls also include phase com 
parator dial. 


PEN RECORDER AND MONITORING PANEL— 

Varian dual-pen strip-chart recorder provides continuous 
simultaneous traces of drift-rate changes and gyro fem — 
perature. Monitoring pane! with imprinted schematic pro | 
vides convenient grouping of circuit test points for 


jumper interconnection. tf 
Continued next pas? | 
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gyrotest Station (Cont. ) 


HEATER CIRCUITS— 

12 Control gyro temperature to +0.25° F. through bridge 
circvit having nickel sensing elements in gyro holding 
cube. Also includes meter relay actuated by thermistor 
elements in gyro to provide audible and visual tempera- 
ture warnings. A bimetal switch guards against overheat- 
ing. A slow period sinusoid is generated for the tem- 
perature test. 


13 WHEEL SUPPLY— 

Provides 28-volt (= 1%) 800-cps 2-phase a-c power for 
gyro wheel excitation. Meters show voltage and current 
of each phase, and adjustments provide for setting rela- 
tive phase and gain of each phase. An elapsed time 
meter shows total wheel excitation hours. 


14 0¢ suppty— 
Lambda d-c supply provides Bt for wheel supply at 
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270-volts 400-milliamps, with regulation of + 0.25% 
from no-load to full-load. 
Additional components shown in Fig. 3 are as follows: 


GYRO HOLDING CUBE— 

Square-sided aluminum holding fixture with insulated 
cavity to contain test gyro. Two removable end pieces 
clamp gyro in position, carry heaters and temperature- 
sensing elements, and hold electrical connectors in place. 
Holding cube is designed to allow six orthogonal gyro 
orientations. 


TEST STAND— 

Floor-mounted aluminum table with three leveling legs 
and bubble indicator to assure horizontal orientation. 
Precision right-angle guides allow simple azimuth po- 
sitioning of gyro. Extension of table surface is cushioned. 








Torque Feedback Drift Measurement: 
The torque feedback method of drift- 


mite determination is shown schemati- (1) Mpiag - GRAV/TY-/NSENSITIVE TORQUE 


ally in Fig. 2. It involves a feedback 
Joop at instrument power level which 
drives the torque generator to balance 
the total of gyro input torque and 
drift-torque and continuously indicates 
a numerical value proportional to the 


» MICROSYN 
torque generator control current. Ex SIGNAL 
cept for electronic smoothing within GENERATOR 


the loop, the output indication is a 
continuous measure of the balancing 
torque. Since the gyro torque due to 
farth rate is known, the spurious drift- 
male torque can be determined. 

With the gyro acting as a first inte- 
gation and the motor-tachometer as a 
second integration, the torque-feedback 
loop becomes a quadratic system 
which can follow step and ramp in- 
puts with zero steady-state error. 
Damping of the loop is accomplished 
by external feedback around the gyro 
integration. Speed of response of the 
system can be controlled by adjust- 
ment of loop gain with the loop act- 
ig as an adjustable filter to remove 


spurious noise signals. 


The output indication produced is 
Y proportional to torque, and 
to equivalent angular velocity 





GYRO WHEEL 









DUE TO GYRO POWER LEADS, MICROSYN REACTION FIELDS, 
MECHANICAL DEFORMATIONS WITH TEMPERATURE , ETC; 
PRODUCES DRIFT RATE Wragg 


OUTPUT AX1$ 
OA 


—_—~ 
M bias 


MICROSYN TORQUE 
GEHERATOR 
SPIN 
REFERENCE 
AXIS 
INPUT AXIS SRA 
IA 


(2) Msra - GRAVITY-SENS/TIVE MASS-UNBALANCE TORQUE 








DUE 70 GRAVITY ALONG SRA ACTING UPON MASS UNBALANCE 
ALONG LA; PRODUCES DRIFT RATE Gspp 


OA 


M SRA 


IA 


about the input axis. An important (3) M yp —.GRAWTY-SENS/TIVE MASS-UNBALANCE TORQUE 


Pioportionality constant K must be 

for absolute drift-rate deter- 

minations. This calibration coefficient is 

by scale factors of the gyro, the 

lorque generator, and the output in- 

system. The units of K are 
meru/readout unit. 

three components of drift-rate 

be determined, plus the calibration 

t K, four test conditions must 

%t up to solve for the four un- 

. These tests involve the four 


‘f 8 orientations shown in Fig. 5 which 


equations shown in this fig- 
values of the readout 





DUE 70 GRAVITY ALONG I& ACTING UPON MASS UNBALANCE 
ALONG SRA ; PRODUCES ORIFT RATE Wp 
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Fig 4 Three principal sources of gyro drift. 




































































SYSTEMS DESIGN 


SUCCESSIVE ORIENTATIONS *1, #2, %3, € 4, 


#3 


ORIENTATION : 


SRA VERTICAL, DOWN 


y,. 1A NORTH 
Nz =~ @rias- Uspa- We cos fat) 


ORIENTATION : 
SRA NORTH 
IA VERTICAL, VP 






a 


‘ “2 


\ ORIENTATION : 


SRA VERTICAL, UP 


LA NORTH 









fARTH 


\ 


/ 
Nz ad (bias + Wspa~ We cos lat ) 


ORIENTATION + 


SRA VERTICAL, up 
ITA SOUTH 


d 
M, =jg(Wbias # Wea cos a) 


Fig 5 Four orientations of torque feedback drift-rate test procedure. 


counter are labelled N, and these may 
be the average of a number of readings 
usually taken at 1-minute time inter- 
vals. Gyro orientations are shown rela- 
tive to Earth coordinates at the latitude 
of the M. I. T. Instrumentation Lab- 
oratory (42.3603°). 

Equations (1) and (2) of Fig. 5 can 
be solved in terms of the two variables, 
K and (Woias + Wsra)- The first two 
conditions thus calibrate the system. 
The third condition allows solution for 
both wyia, and Wgpa. The fourth con- 
dition provides w,,. In milli-Earth-rate 
units (meru), Wg is simply 1000. 

To simplify the torque feedback de- 
termination of drift-rate components, 
the four equations of Fig. 4 are re- 
duced to the simple plug-in relations of 
Table 1. With sine and cosine of test 
station latitude known, these relations 
become immediately solvable in terms 
of the readings N. If desired, curves or 
tables can be prepared for direct-read- 
ing of the three component drift-rate 
values. 


GYROTEST TF--76 Test Station 


System Elements: As illustrated in Fig. 
3, the GYROTEST equipment devel- 
oped by Dynamics Research Corpora- 
tion consists of two 66-inch electronic 
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Fig 6 Simplified block diagram of DRC gyrotest TF-76. 


consoles, a gyro holding cube, a test 
stand, and an accessory frequency 
standard. Built-in power circuits gen- 
erate all needed regulated voltages, cur- 
rents, and reference frequencies from a 
single-phase, 115-volt (+ 10%) line. 
Drift-rate output indications include 


continuous decimal-digital readout, # 
tomatic digital tape printout, 
chart recording of tempera 
tests. 

Components in the left const 
(reading from top to bottom) consi 
of the following: 


ELECTROMECHANICAL DESI@ 


















SIZ 


In the 
miniatt 
dustry. 
and Si. 
require 
today’s 
ready 
missio! 

Avail 
contro! 
Sessin, 
electri 

Plea: 


























ay 
ip 
7 am a C O N LD Say 
OPE 
R- 
E 
FIER 
SIZE 15 RESOLVERS WITH 20-SECOND ACCURACY FROM AEI 
R 
In the march toward greater accuracy with increased MODEL NO. MODELNO. = MODEL NO. 
toe ’ ° 7 : . 15R77G-71B 15R77G-71C 15R77G-71E 
miniaturization, American Electronics again leads the in- ELECTRICAL DATA (TRANSFORMER) (TRANSMITTER) (DIFFERENTIAL) 
eds dustry. The Instrument Division's new 20-second Size 15 INPUT VOLTAGE (volts) 118 96 a 
j i+} FREQUENCY (cps) 400 400 400 
and Size 25 resolvers were developed to meet the Critical tor gl 
requirements of accuracy, reliability and size posed by Fundamental 018 010 010 
2 tod ’ hi h pe SE : Total -026 .015 .015 
ays Ig ly sophisticated systems, These resolvers find TRANSFORMATION RATIO R/S 1.906.076 454.018 1,000-.040 
| ready applications in analog computers, angle data trans- PHASE SHIFT (degrees) R/S 5.5 MAX. 8 MAX. 5 MAX. 
mission, control transmission and radar systems. — 
: Available are Size 15 and Size 25 control transformer, gay lag vr dn Sia 
ATOR _ control transmitter and differential transmitter resolvers pos- Zss STATOR IMPEDANCE (ohms) a ; 
sessing a maximum 20-second angular accuracy error from a: miei eataincibateas ditends mei * nese 
electrical zero, (stator open circuited) 8000 / 79° 170 / 77° 1000 / 79° 
. : P ° Zso STATOR IMPEDANCE (ohms) 
sadout, at Please write for detailed information. qoter open circuited) : 2000 / 80° 42 / 80.5° 850 / 80° 
, 
\A® AMERICAN ELECTRONICS, INC. 
ft consi INSTRUMENT DIVISION 
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_and still get serviceability! 


* 






Gask-O-Seals meet, or exceed grade A MIL-8484 specifications 
for hermetic sealing, yet they are mechanical. That means you can 
seal a vacuum and still achieve full serviceability — easy access for 
repair, maintenance, re-setting, etc. You can seal components, “black- 
boxes,” instruments, even complete systems — and re-seal them with 
the same seal! 

The seal shown below illustrates the versatility of Gask-O-Seal — 
one piece seal actually doing the job of ten! Think of the freedom of 
design such a seal offers. Can they be put to use for your products, too? 


The chart at right is an actual 
reproduction of a test which reveals 
a leak rate of less than 1 cc/air/ 
inch/year—exceeding top hermetic 
requirements. 

For more information about iis eet ae peaee= Sea eee ree REE REE 
Gask-O-Seals send for catalog ‘ 

5800. 
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or ker SEAL COMPANY 


Culver City, California and Cleveland, Ohio 
A DIVISION OF PARKER-HANNIFIN CORPORATION 


Parker also makes seals for wave guide flanges that prevent R/F leakage and 
provide a positive no-leakage seal; a self sealing flush-head rivet called 
Riv-O-Seal, and many other specialized seals as well as O-Rings and Back-Up 
Rings. Your inquiryisinvited. 
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SYSTEMS DESIGN 


System Configuration: A simplified 
block diagram of the DRC GyRo. 
TEST torque-feedback system is shown 
in Fig. 6. Tracing the main signal path 
it can be seen that output of the signal 
generator is amplified and phase-bal. 
anced to act as input to the motor. 
tachometer instrument servo. Acting as 
an integrator, the servo drives a gear. 
train which, in turn, actuates the slider 
of a 40-turn Helipot. Excitation for 
this potentiometer is from the same 
supply that drives the reference wind- 
ing of the torque generator. Output of 
the Helipot is fed through a high series 
resistance to provide current excitation 
to the torque generator control wind- 
ing and thereby complete the torque 
feedback loop. 

A damping feedback path is also 
provided to improve high frequency 
characteristics of the loop. It is thus 
possible to achieve a high overall loop 
gain to keep the gyro tightly restrained 
and, at the same time, to minimize 
difficulties with residual noise and 
quadrature from the signal generator. 

Controllable damping, with zero 
standoff error, is a principal advantage 
of the GYROTEST configuration. 
Smoothing with 20-second time con- 
stant is normally used, but this can be 
adjusted through selection of circuit 
parameters to suit testing requirements 
imposed by the gyro or by the overall 
guidance system. For the gyro temper- 
ature test, an additional amplifier is 
switched into the feedback path to pro- 
vide a faster loop. 

An advantage of using an instrument 

servo in the feedback path is that it 
furnishes mechanical motion drive for 
convenient output indication. The 
multi-stage gear train, in addition to 
driving the 40-turn Helipot, also ac 
tuates a five-digit Veeder-Root counter 
for a continuous direct indication of 
torque feedback current, and a digitiz- 
er and automatic printout. 
Operating Procedure: The test gyro is 
clamped in the heated holding cube, 
and drift-rate readings taken with the 
gyro in four orthogonal orientations. 
Data is used in the four simple equa- 
tions of Table 1 for direct calculation 
of test-loop sensitivity and three de 
sired components of gyro drift-rate. 

Operation of the DRC GYROTEST 
station has been made straight-forward 
and easily repeatable. During test, only 
two operational switches are used: 4 
mode switch and a phase (or polarity) 
switch. After drift-rate test, a step 
put button is depressed to check rota 
tional freedom of the gyro float. @ @ ® 
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INSTRUMENT CORPORATION 








IFG-300 
Integrating Floated Gyro 


CONSISTENT RELIABILITY 


in production-quantity miniature floated gyros 





with trimmed drift rate of TYPICAL SPECIFICATIONS 


ONE HUNDI! TH DEGI oe Lea -. Trimmed Drift Rate: 0.01 degrees/hr 
Angular Momentum: 300,000 c.g.s. units 
Designed-in reliability and the most precise production techniques have Damping: 300,000 ¢.g.s. units 


, a‘ ‘ , Nominal Signal Generator Sensitivity: 
combined to produce the new ZERO-ONE Gyro. The first in a new series 10 sav/er @ 90 tan, 400 eps 


of IFG-300 integrating floated gyros, the ZERO-ONE is a proud achieve- Torque Generator Sensitivity Range: 


: : i ‘hr/ma? 
ment in the long line of gyro developments by REEVES. Sang Te Senet ae 


Time Constant: As low as 0.4 msec. 


The combination of high reliability and extreme accuracy make the ZERO- ase Unbelente: 0.4°/br/g 
ONE Gyro the ideal choice for guidance and stabilization systems where Anisoelasticity: 0.003°/hr/g? 
guaranteed performance is paramount. Dimensions: 1.8 in. x 2.75 in. 


For complete specifications, write for data file 104. 


Qualified engineers seeking rewarding opportunities in these advanced fields are 
invited to get in touch with us. 


eS ce ca me tte Cr i eS 





REEVES INSTRUMENT CORPORATION 


A Subsidiary of Dynamics Corporation of America @ Roosevelt Field, Garden City, New York 
7RV60 
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DC TRANSISTOR 


AMPLIFIER 





New Technique for Reducing Drift Results in a More Compact Unit 


Operational amplifiers for small signal applications in the 
—65 to 85 C temperature range have required a signal 
chopper or modulator for stabilization. In a paper pre- 
sented at the 1960 National Telemetering Conference, Paul 
A. Michaels, Senior Engineer at Bendix Research Labs, 
Detroit, Mich., describes techniques in the development of 
a compact, economical dc amplifier that gives remarkably 
good results without the use of choppers, for applications 
where small size is of paramount importance. 


DESIGN CONSIDERATIONS 


Control of all the temperature dependent parameters is one 
of the principle requirements in the design of a direct 
coupled amplifier. Each of those components which have 
temperature coefficients large enough to adversely affect 
the performance of the amplifier should be critically exam- 
ined. Either the temperature coefficient must be reduced by 
the selection of a suitable replacement component, or if 
this is not possible, some type of compensation must be 
employed. In the case of resistors, the passive element most 
commonly used in a direct coupled amplifier, commercial 
wire wound units are available with temperature coefficients 
as small as 0.0005%/°C. This is sufficiently small so that 
compensation is rarely required. 

Transistors, the active units used in the amplifier, have 
extreme temperature-sensitive parameters. Manufacturers 
generally supply charts which show the variation of the 
collector cutoff current and the typical h parameters with 
temperature. Unfortunately the parameters are not only a 
function of temperature, but of the emitter current and 
collector voltage as well which makes direct compensation 
very difficult. The collector cutoff current which is reason- 
ably independent of the emitter current has a wide pro- 
duction tolerance spread. The permissible range is so large 
(often more than 100:1), that many compensation schemes 
are not very practical. 

An attempt to compensate for the variation of each com- 
ponent in the equivalent circuit representation would be 
a very ambitious project. Mr. Michaels approach is to 
regard the amplifier as a cascade assembly of amplifier 
stages and compensate only one or two of the stages as 
a single entity. 

Each stage is characterized by a current gain K,, a volt- 
age gain Ky, an input current and voltage level, and an 
output current and voltage level. These terms are descrip- 
tive of the normal signal and bias relationship within the 
amplifier. A variation in any level throughout the ampli- 
fier, whether it is caused by a parameter changing with 
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temperature or age, results in a change of the amplifier 
output. This change is indistinguishable from an output 
change caused by the addition of an input signal. 

A change in level which is not caused by a signal is 
called an offset. Voltage levels and voltage offsets are 
measured at nodes, current levels and current offsets 
are measured in branches. In general, the voltage and cur- 
rent offsets at an associated node-branch are related, and 
either may be considered for the purpose of calculating 
the error in the output of the amplifier. The gain of a 
common emitter amplifier is most easily characterized in 
terms of its current input. Thus, voltage offsets generated 
within the amplifier will be considered only if they pro- 
duce a related current offset. 

In order to specify the significance of an offset as a 
measure of relative error, the effect of the offset upon 
the amplifier output must be known. An offset produced 
in the input stage is multiplied by the entire amplifier gain, 
whereas an offset produced in a later stage is multiplied 
by a gain of only those stages which follow. It is conven- 
ient, therefore, to refer all offsets to the input of the am- 
plifier for direct comparison to the input signal. If the 
individual stage offsets are referred to their stage input, 
then it is apparent that the total current offset referred 
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Fig. 1. Basic amplifier design. 


to the amplifier input terminals is equal to the current oft 
set of the first stage plus the current offset of the se 
stage divided by the current gain of the first stage; plus 
the current offset of the third stage divided by the total 
current gain before the third stage; etc. The equivalent 
amplifier voltage offset is equal to the input current offset 
multiplied by the amplifier input resistance. 

The preceding discussion reveals that the offsets of the 
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Compact pancake d-c torquers in a 
wide range of sizes are now available 
for direct drive servo positioning in 
airborne, shipboard and ground 
service stabilization and tracking 
systems. 





Miniature, four-gimbaled, Minneapolis-Honeywell inertial navi- 
gation platform currently applied to both terrestrial and space 
guidance systems. All four gimbals are equipped with Inland 
torquers having a peak output at stall of 60 ounce-inches. 


Patented Inland features make possible powerful d-c 
torquers in compact pancake shape. More torque, with 
smaller size and lower power input. 


REPRESENTATIVE RANGE OF INLAND D-C TORQUE MOTORS | 


POWER INPUT 

PEAK TORQUE FOR PEAK DIMENSIONS, INCHES 

TYPE AT STALL TORQUE 0.D. THICKNESS 
WATTS @ 25°C 



















T-1321 20 0z.-in. 57 1.94 90 
T-2136 35 02.-in. 42 2.81 63 
T-2108 60 02z.-in. 32 2.81 1.00 
T-2907 85 Ib.-ft. 79 3.73 1.09 
T-4006 1.8 Ib.-ft. 100 5.13 1.25 
T-5106 2.7 lb.-ft. 86 6.25 1.31 
T-5703 7.0 lb.-ft. 246 7.20 1.63 
T-720 11.0 Ib.-ft. 327 9.00 1.63 
T-8001 25 Ib.-ft. 925 10.50 2.63 
T-10001 35 Ib.-ft. 620 13.69 4.30 
T-10004 100 Ib.-ft. 1020 12.75 5.75 
T-18002 300 Ib.-ft. 1300 26.63 9.82 
T-18004 900 Ib.-ft. 4330 26.50 10.56 
T-36001 3000 Ib.-ft. 7400 45.0 10.25 














For complete data on these or other Inland d-c pancake torquers, address 
Dept. EL, Inland Motor Corporation of Virginia, Northampton, Massachusetts. 





Parabolic radar antenna on a three-axis pedestal mount 
manufactured by Reeves Instrument Corporation for the 
Phileo Corporation. Direct drive motors for all three axes were 
Provided by Inland. These range in output from 500 to 3000 Ib-ft. 


INLAND AMPLIFIERS—Inland makes a complete line of amplifiers for systems duty with 
Inland torquers, whether in airborne, shipboard, or ground service. Specification sheets 
available on request. 


Factory: Radford, Virginia 


INLAND MOTOR or'vircinia 


A SUBSIDIARY OF KOLLMORGEN CORPORATION 
NORTHAMPTON, MASS. 
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HIGH ACCURACY 
ANGLE ENCODING EQUIPMENT 


i{’ 


The Microgon Model 360/106 Angle Encoding Equip- 
ment ... a complete electro-mechanical measuring 
system provides continuous decimal display of measured 
angle in degrees and thousandths of a degree. The 
success of the Microgon Model 360/106 now prompts 
Norden and Colorado to introduce a number of other 
high-accuracy, high-resolution Digital Microgoniom- 
eters designed for such diverse applications as missile 
launching and tracking, star tracking, radar antennae, 
radio telescopes and machine tool indexing and posi- 
tioning. The following complete systems are offered: 


MICROGON COUNTS CODE 


MODEL NO. PER TURN 
360/106 360,000 8-4-2-1 binary decimal 
512/218 262,144 Parallel pure binary 
512/219 524,288 Parallel pure binary 

/ Parallel pure binary 
2048/221-H 2,097,152 (hollow shaft) 
1000/106 1,000,000 8-4-2-1 binary decimal 

Parallel pure binary 

2048/221 2,097,152 (solid shaft) 





Norden and Colorado Research 
introduce a new line of 
Digital Microgoniometers 


RO OI WO goo vinin scvcbene Cescees 
Resolution . 

Accuracy At tay Point... 
Readout. . 


Maximum Interrogation Rate............... 


Maximum Shaft Slew Rate................. 


Warm Up Time. . 


Operating eciueinint of Ciesteettes 
ac eg i 
Pressure. . 

Vibration. 


Transducer nasinien . 


po RR TE re 
Transducer Moment of Inertia... .. . 
Preamplifier Dimensions—Over-all . . 


Preamplifier Weight.................. 
Dimensions each Module.............. ; 


Reversible Degree-Decimal Counter Weight 
Power Supply Weight. . paren 
Dual Controlled Oscillator Weight . ers aie 


‘yospey. | NORDEN DIVISION 
¥ UNITED AIRCRAFT CORPORATION 


MILFORD DEPARTMENT, WILEY STREET, MILFORD, CONNECTICUT 
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360,000 


... 3.60 Sec. (0.001 Degree) 
.. 3.6 Sec. Continuous Angle 
. (1) Visual Inline Decimal 


(2) Parallel 8-4-2-1 Binary 
Coded Decimal 
Limited only by associated 
circuitry 
Full accuracy at constant 
shaft speeds up to 100 
degrees per second 


. 10 Minutes 


... 30°F to 110°F 
... Sea Level to 17,000 feet 
. Per Mil. E. 5400 


. 3%” Dia. 


5.3” Long 
Approx. 414 Pounds 


. 3,210 gm-cm2 (approx.) 


Anprox. 41%” Long, 
3” High, 24” Wide 


15 Ounces 


211146” Long, 
1514” Wide, 774” High 


35 Pounds 


. 66 Pounds 


53 Pounds 


Please send for complete specifications on any of these high accuracy angle encoding systems, 
or any other Norden encoders. Write, or call Milford, Connecticut, TRinity 4-6721. 
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NJE CORPORATION 
KENILWORTH, Nid: 






eden © Fully Transistorized e Remote Sensing © Parallel Operation 
- tg © Low Cost e Remote Programming ¢ Constant Current # 


® Series Operation 


NJE extends its widely accepted 314” QR line to include the 514” models. 


feet 


rox.) 


QR-15-20 |105-125| 55-65 |3 P-P |+0.01 %or+ 1mv|+0.02% or +0.5 mv 


\/, ” 
High aA. , "p ta. v va 5 4 
QR-36-10 {105-125} 55-65 |3 P-P |+0.01 % or +0.5 mv|+0.02% or +0.5 mv 19” w x 1654" d 


QR-60-6 /|105-125| 55-65 | 3 P-P |+0.005% or +0.5 mv/+0.02% or +0.5 mv 
QR-10-10 |105-125| 55-65 |1 RMS |+0.005% or +0.5 mv/+0.02% or +0.5 mv 
—n od QR-18-6 |105-125| 55-65 |1 RMS |+0.005% or +0.5 mv|+0.02% or +0.5 mv 314” 





QR-36-4 |105-125| 55-65 |1 RMS/+0.005% or +0.5 mv|+ 0.02% or +0.5 19” wx 1654" d 
QR-60-2.5/ 105-125} 55-65 |1 RMS/+0.005% or +0.5 mv|+0.02% or +0.5 mv 


*Whichever is greater. #Contact factory or local representative. 
** Available for 400 cps operation. 


WRITE TODAY FOR COMPLETE TECHNICAL DATA 


| a § CORPORATION 
20 Boright Avenue - Kenilworth, New Jersey 


: BR. 2-6000 + TWX Cranford, NJ 51 + FAX-FFP 
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Large production gives you low prices! 





2 to 180 Seconds 
Actuated by a heater, they operate on 
A.C., D.C, or Pulsating Current. 
Hermetically sealed. Not affected by 
altitude, moisture, or climate changes. 
SPST only—normally open or closed. 





Compensated for ambient temperature 
changes from —55 to -+-80 C. Heat- 
ers consume approximately 2 W. and 
may be operated continuously. The units 
are rugged, explosion-proof, long- 
lived, and—inexpensive! 

TYPES: Standard Radio Octal, and 9- 
List Price, $4.00. 


PROBLEM? Send for 
Bulletin No. TR-81 





Pin Miniature 
Also — Amperite Differential Re- 


lays: Used for automatic overload, un 
der-voltage or under-current protection 


BALLAST REGULATORS 


Amperite Regulators are designed to keep the 
current in a circuit automatically regulated 


at a definite value (for example, 0.5 amp 














For currents of 60 ma. to 5 amps. Operate 
on A.C., D.C., or Pulsating Current 





! ’ 
VOLTAGE OF 24V ' WITH AMPERITE 
BATTERY 6 CHARGER | VOLTAGE VARIES 
VARIES APPROX. , ONLY 


30% : Qe 


Hermetically sealed, they 
ambient temperature : 50 rn) () r humidity Rugged 


List Price, $3.00. 
Write for 4-page Technical Bulletin No. AB-51 


a te 


561 Broadway, New York 12,N. Y.... CAnal 6-1446 
In Canada: Atlas Radio Corp., Ltd., 50 Wingold Ave., Toronto 10 


y changes in altitude 


light, compact, most inexpensive 
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COMPONENTS DESIGN 


TRANSISTOR TYPE 2N1247 
Vce - + 1 VOLT 


SLOPE ~ 2.30 mv/°C 
2.45 MV/°C 
2.58 MV/9C 
2.67 MV/oC 
2.72 MV/°C 


BASE - EMITTER VOLTAGE Vpe - MILLIVOLTS 





-60 -40 -20 0 20 40 60 80 100 120, 14 
JUNCTION TEMPERATURE - DEGREES C 


Fig 2 Transistor base-emitter voltage vs junction tempera- 
ture, with constant emitter current levels. 


input stages have the greatest influence on the offset of 
the complete amplifier. With this in mind, Mr. Michaels 
major design effort was expended upon the total compen- 
sation of the input stage. The compensation of the offsets 
in the following stages was handled mostly by a slight 
adjustment of the input stage compensation. 


BASIC DESIGN 


Amplifier design, Fig 1, was selected on the basis of sim- 
plicity. Each of the three common emitter coupled stages 
contribute to the power gain of the amplifier, and in general, 
each stage has a voltage and current gain greater than one, 
The amplifier is inverting (Ky is negative), and by suit- 
ably choosing Ee, (negative) the output can be designed to 
have a zero output voltage level, thus giving a zero output 
current level, since they are related by the load resistance. 

In order that the input voltage level be zero, E,, must 
be a negative potential exactly equal to the base to emitter 
potential V,,. of transistor Q,. This is a difficult design 
problem since V,,. is a function of both temperature and the 
emitter current of transistor Q,. 

One solution to this problem is to use a second tran- 
sistor in the circuit. The emitter to base potential of the 
second transistor is used to essentially “buck-out” the emit- 
ter to base potential of the transistor used for signal gain. 
If matched transistors are used, this circuit is capable of 
giving excellent temperature compensation. However, in the 
pursuit of an economical amplifier design, Mr. Michaels 
decided not to select components by matching, nor to use 
other transistors solely for temperature compensation, but to 
investigate the use of a junction diode. 


DIODE COMPENSATION 


A comparison of the emitter to base potential drop of a 
transistor and the potential drop across a junction diode 
indicates that they are very similar. They are both lineat 
functions of temperature over a wide temperature range, 
and logarithmic functions of current (emitter current for 
the transistor). The emitter-base junction of a transistor is 
structurally equivalent to the junction of a diode. In 4 
forward biased diode, the majority carriers of the mate- 
rial on each side of the junction are attracted across the 
junction by the electric field gradient. They are subse 
quently collected at ohmic contacts of the input terminals 
where they give rise to an electric current in the exte 

circuit. In a transistor, however, most of the charged cat 
riers crossing the junction from the emitter terminal até 
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DIODE TYPE SG-22 SLOPE = 1.9 MV/°C 
2.09 MV/°C 
2.23 MV/°C 
2.35 MV/°C 
50 MV/°C 
2.70 MV/°C 
2.86 MV/°C 


DIODE VOLTAGE Vp - MILLIVOLTS 
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JUNCTION TEMPERATURE - DEGREES C 


Fig 3 Junction diode forward biased voltage vs junction 
temperature, with constant diode current levels. 
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Fig 4 Input stage compensation. 


not intercepted by the base contact. They travel through 
the base material, across the base-collector junction, and 
into the collector material where they are ultimately absorb- 
ed by the collector contact. If the collector to emitter po- 
tential is equal to or larger than the base to emitter po- 
tential, then the emitter current is almost solely dependent 
upon the base to emitter potential as in the junction diode. 
A family of characteristics, “base to emitter potential 
Ve" as a function of junction temperature and emitter 
current is shown in Fig 2. The transistor is a small area 
junction silicon unit, type 2N1247, which was designed for 
small signal operation. The collector to emitter supply 
voltage was set at 1.0 volt. The characteristics are essen- 
tally straight lines between —60 and +100 C, possibly with 
a slight curvature above this temperature. A corresponding 
family of characteristic curves for a low voltage, high con- 
ductance diode is shown in Fig 3. In this case, the diode 
Voltage was a linear function of junction temperature over 
entire region of measurement, —60 to +125 C. 
techniques of compensating for temperature induced 
Variations of the base emitter potential of Qi is illus- 
tated in Fig 4. Eee is a relatively large negative voltage 
compared to the diode voltage V4. Since V4 does not have 
‘very large variation throughout the temperature range 
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ULTRA-LOW TEMPERATURE CABINETS 


(Prenat 
a 


for 


© Research Seven Revco cabinets, both chest and 
upright styles, are available. Capacities 


© Storage range from 1.5 to 6 cu. ft. in chests and 
@ Seasoning to 22 cu. ft. in uprights. Units provide 
A temperatures to —140° F. control- 
© Testing lable within +1°. Optional accessories 
are offered. Immediate delivery on 

all units. 






For your FREE copy of the helpful 
folder, ‘Selecting a low temperature 
cabinet,” write Revco, Dept. EMD-100. 


Industrial Products Div., 


a  — A Oe Oe 


Deerfield, Michigan 


Setting Trends in Refrigeration Since 1938 
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DESIGN 
TIMING 
RELIABILITY 
INTO 
YOUR 
CIRCUITS 


specify... 


NEW MINIATURE AGASTAT’ 


time] delay | relays 


® Recycling virtually instant less than .020 seconds 
® Unaffected by Voltage fluctuations (from 18 to 32 volts DC) 
© Repeat Accuracy +5% 


This new AGASTAT meets the environmental requirements of MIL-E- 
5272A. Built to withstand the rugged conditions of missile and aircraft 
applications. Lightweight—less than 15 ounces. Space saving—45/” 
tall... 1'%6” wide... 144” deep. Adjustable, with time delays from 
.030 to 120 seconds. Choice of operation for energizing or de-energiz- 
ing. For complete specifications, write Dept. A37-74. 


AGASTAT TIMING INSTRUMENTS 











ELASTIC STOP NUT CORPORATION OF AMERICA 
1027 NEWARK AVENUE, ELIZABETH 3, NEW JERSEY 
CIRCLE NO. 26 ON INQUIRY CARD 


33 

















Your initial purchase price 
is only a fraction of the true 
cost of your components 





| 

| We can reduce your cost, 

| because ELECTRO-MEC precision 
potentiometers and digitometers 
are delivered 


@ ontime 


@ with certified calibration 
data, including recordings 
of output function for both 
linear and non-linear 
instruments. 


Therefore you 


> save on receiving inspection 
cost 


enjoy assured pertormance 
after installation 


incur no production 
schedule delays. 


You can rely on the experience 
and workmanship of 
ELECTRO-MEC 


RELIABILITY 
= LOW COST 


Only a few of our instru- 
ments are shown here. 


Write or phone our engi- 
neering department. 
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Fig 5 Diode voltage drop vs voltage temperature coefficient, 
At the single intersection, the requirements for equal voltage 
drops and equal voltage temperature coefficients are simu 
taneously satisfied for the diode and transistor. This inter 
section is at a voltage level of 470mv and at a temperatur 
coefficient of —2.70 millivolts/°C. The equivalent curren 
levels, obtained from Fig 2 and Fig 3, are: I. is equal 
20 microamps, and I; is approximately 70 microamps, 


of interest, it may be assumed that the current Ip; i 
essentially independent of temperature. 

An amplifier input voltage level of zero is obtained 
by making Vg equal to V;,. Making the temperature o 
efficient of Vq equal to the temperature coefficient ¢ 
Vie provides an input voltage level that is indepent 
ent of temperature. The simultaneous _ solution @ 
both these requirements is illustrated by the curves i 





Fig 5. These curves are the temperature coefficient ¥ 
voltage drop for the compensation diode and the equi 
lent base-emitter diode of the transistor. The points whit 
are plotted were taken directly from the curves of Fig 
2 and 3. 

A practical operational amplifier must have in addition 
to a zero input voltage level, a zero input current lev 
There are two sources of currents that could reach thei 
put terminals. One is the collector reverse leakage at 
rent I,, and the other is the base bias current I,. Itw 
mentioned previously that it is difficult to compensate ft 
variations in I, because of very loose manufacturing tole 
ances. Feedback techniques can reduce the effect of 
variations on the output of the amplifier, but only at the 
expense of a similar reduction in gain. The net si 
drift ratio will be unchanged. Mr. Michaels solution #8 
to select a type of silicon transistor that has a low end 
I, so that no compensation was necessary. The transis 
type 2N1247, has an upper limit of 0.1 microamperes 
I, at 85 C, 

The base bias current of a transistor is equal to™ 
emitter current divided by one plus the de beta. For 
chosen voltage-compensated transistor, the base cull@ 
equals approximately two microamperes and is shut 
to the collector supply through R,. which is adjustee® 
make Ip, equal to I. Under these conditions, the tenis 
current I,,, is zero. 
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Fig 6 Diagram of the second stage of the amplifier. 


SECOND ORDER CORRECTION 


Variations with temperature of other parameters, such as 
the base to emitter potential of the second and third stages, 
result:in a contribution to the offset of the amplifier. These 


§ effects are reduced, however, by the gain of that portion 


of the amplifier which precedes them. Thus, the overall 
eflect upon the amplifier is very slight. The residual com- 
pensation requirement can be satisfied by making a slight 
alteration of the V,,. compensation of the first stage. A 
sample calculation can be made to find the approximate 
value of that correction. 

Consider the second stage of the amplifier as shown in 
Fig 6. For the purposes of making an equivalent input 
ofiset calculation, the collector current I... will be held 
constant, and the required input change to compensate for 
changes in B, and Vj. will be determined. Assuming that 
the collector current I,. is 500 microamperes, and the de 
current gain factor is 100, then the base current will be 
5 ya. Generally the current gain of a silicon transistor will 
tise with temperature, the rate being approximately 
05%/°C. In order to hold I,, constant with a one degree 
temperature rise, the base current I,. must decrease by 
0.5% or 0.025 pa. 

The current supply Ip; is dependent upon the base to 
emitter voltage of Qs. 
Ins = (Ecc — Vireo) /R3 


Veg Will change with temperature, and therefore, so will 
Ins. The rate of change is: 
a4, dIg3/dT = (—1/R3) (dV,,/dT) 


For a 1° rise in temperature 
R; = 150 K; dV, = —2.5 mv) 


the magnitude of Ig will increase by 0.017 wa. Since I,, 
equal to Ing —I,2, the Q, collector current must increase 
€ increase in Ipg and the decrease in I,o; a total 
df 0.042 ua. Almost all of the collector current flows 
through the base to emitter junction of Q, thus raising the 
Potential Ver 2 small amount. At room temperature, the 
resistance of the base-emitter diode is approx- 
mately 500 ohms (dR = dV,,/dI,) (values are taken from 
Fig 2); thus the equivalent input voltage offset is 
Vie = Rye I, = approx. 21 microvolts 
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You pay so 
little more for 
unequalled 





A.W.Faber ~ CASTELL | 


LOCKTITE quality... 


good reasons WHY 
your choice should be 
LOCKTITE TEL-A-GRADE 
9800 Lead Holder 





1. Functional no-slip grip 
—reduces finger fatigue. 


2. Gun-rifled clutch 
—grips the lead like 
the jaws of a bulldog. 


3. Easy action push-button 
—no thumb strain. 


4. Perfect balance 
—feels like a wood pencil. 


5. TEL-A-GRADE degree indicator. 


6. Featherweight lightness 
—effortless to hold. 


Another important plus in LOockTITE 
9800 is decades of manufacturing know- 
how, backed by a guarantee. /f it ever 
happens that any part of a LOCKTITE 
Holder breaks in normal usage, the en- 
tire holder will be replaced free of 
charge. Buy quality, buy CASTELL. See 
your dealer today. 


#9030 CasTELL Black Gold Refill 
Leads are ideally mated with LOcKTITE. 
This superb lead is available in full 
range of degrees: 7B to 10H. Draws 
perfectly on all surfaces, including 
Cronar and Mylar base films. 


A.W.Faber-Castell 


Pencil Co. Newark 3, N. J. 
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Fig 7 


Final design of three stage amplifier. 


This offset of +21 microvolts per ° C is less than 1% of 
the normal base-to-emitter voltage variation of the input 
stage. It can be eliminated as a source of error by making 
a slight adjustment of the diode compensation of the first 
stage. The procedure can be ascertained from the inspection 
of the curves of Fig. 5. If the current level in both the 
compensation diode and the input transistor is slightly 
decreased from the previously selected values, the potential 
Vq and V,,. will both be reduced. This will increase the 
magnitude of the temperature coefficient for both the 
diode and transistor, but not equally. If the difference 
in temperature coefficients is adjusted to 21 microvolts 
per ° C. then the amplifier will be compensated not only 
for potential offsets produced in the first stage, but in the 
second stage as well. The extension of this technique to 
compensate for offsets produced in the later stages is ob- 
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Fluorine. 


amplifiers. 


op) eg el 


The Tiny New PRESSURE 
TRANSDUCER that goes along 
with the BIRD! 


Space is at a premium . 
0.25% are required over a wide temperature range. The answer is 
Taber’s tiny reliable TELEFLIGHT, the miniature transducer 
with Bonded Strain Gage construction that has extremely low sen- 
sitivity to vibration and shock. When the Teleflight is subjected to 
zero gravity conditions (as in space flight where convection cooling 
is non-existent) the Ni-Span proving ring acts as a heat sink and 
conducts heat AWAY from the resis- 
tance gages 
Measures corrosive gas and liquid pres- 
including fuming NITRIC ACID. 
With factory modifications will 
200% overload protection built 
in at no extra cost. 
standard make recorders can be used as read 
out instruments. Infinite resolution, Linearity 
0.25%, Hysteresis 0.25%, Temperature — 150° 
to 275° F., Repeatability within 0.1%, Pres- 
sure Ranges 0-1,000 PSIA or PSIG. Taber also 
produces a complete line of miniature transistor 


Write for l/lustrated Literature 


qh TABER out during ground — 
by simply removing 
INSTRUMENT CORPORATION screws. 
“Where the Accent is on Accuracy & Feoliabilly” 
® Section 244 107 Goundry St. North Tonawanda, N. Y. 
Telephone: NX3-8900 @ TWX-TON 277 
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vious. The magnitude of the correction, however, will be 
very small. 


FINAL DESIGN 


The design of the complete amplifier is shown in Fig. 7 
Zener-diode coupling is employed between the second anj 
third stages, with a return to the single negative sy 
The diodes D3 and D4 are used to bias the emitter of (i 
about one volt below ground. This is done to permit th 
output voltage to go down to about —0.5 volt. The diode 
are preceded by a large amplifier gain and conseq 
have little effect on the overall temperature compensation 

In a practical amplifier application, the necessity fy 
the use of potentiometers R8 and R9 is determined by the 
magnitude of current and voltage offset which can be tg. 
erated. The adjustment procedure to obtain zero voltag 
and current offsets using potentiometers R8 and R9 ig a 
follows: 

e Short the input terminals together. 

e Adjust R9 to obtain the required output level. 

e Open the input terminals. 

e Adjust R8 to obtain the same output level as above 

The three stage amplifier is capable of very low dri 
levels; it is reasonably simple in design and is capabk 
of being incorporated in a very small package. 

The output circuit can be modified to provide a large 
voltage gain, different output impedence or power levd 
or almost any other desirable characteristic. These changy 
will have little effect upon the overall temperature com 
pensation of the amplifier. @e8 

Write No. 213 in Box on Inquiry Card 
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Exclusive feature is pressure 
cavity that is easy to clean 
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NEW ! 
miniature 


TRANSISTOR HEAT SINKS 


Thermal Resistance 


's above} |iess Than 0.8 C/Watt 


low drift 
capable Modular aluminum heat sinks which 
offer good heat dissipation and flex- 
a large§ ible packaging characteristics has 
ver level, § | been introduced by Astro Dynamics, 
» changes | Ine. of Cambridge, Mass. Model 
2401 makes use of a light, compact, 


BERET Mower ond’ persaite, wee LINEAR 
of power transistors at two to three = 
times previous achievable ratings. an OTI ON Se 





ure COM 
ee 


While dissipating almost 60 watts at 
25 € ambient temperature, the heat 
sink has a thermal resistance be- 
tween transistor shelf and air of less 
than 0.8 C/watt. 

Because of a newly developed high 
pressure fin assembly process which 
produces a strong  metal-to-metal 
bond and extremely high thermal 
conductivity, the size and spacing of 
fins ean vary to match specific re- 
quirements of a wide variety of sys- 
tems and blowers. Additional flexi- 
bility is provided by assembling the 
s of modules in incremental combina- 





LOW FRICTION and WEAR 





af is tios for greater cooling capacities. LASTING PRECISION ALIGNMENT 
acer Physical design and high strength-to- 
an MTES of the module enable ELIMINATE BINDING and CHATTER 
ling assembled combinations to function ZERO SHAKE or PLAY 
and a light weight, structurally sound, 
integral parts of electronic packag- et” LONG LIFE—LOW MAINTENANCE 
TIT cstes shelf“ provides easy SOLVES SLIDING LUBRICATION PROBLEMS 
accessibility and both it and the base 
ean be incorporated as mounts * H H H 
SIE ceuponeuts other than Used by progressive engineers in the latest guidance, 
tanistors when the combination of fire control and navigation systems, computers, inertial 
es forms a chassis base. Be- * ° , 
cause ey heat sinks are elec- devices, instruments. 
Y msulated from one another, 
no . 
| ious. washers are needed for Various types of Batt BusHiNGs are made for shaft sizes from %” to 4”... 
ate: Model 2401 heat sink module with small sizes available in Stainless Steel. Write for literature and name 
clean veighs 0.31 Ib and is available in of our representative in your city. 
esting dlear or colored anodize. Transistor 
g 8 Ives can be drilled to accommo- 


le any standard transistor mount. 


Write No. 175 in Box on Inquiry Card 
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tA Trademark cf THE DIEHL MANUFACTURING COMPANY 





SERVO 


AMPLIFIER 


Drives Servomotors Up To 10 Watts Output 


Designed for operation with any Diehl 1, 5 or 10 
watt servomotor at 60 and 400 cycle carrier fre- 
quencies, this new series of Transistor Servo 
Amplifiers is also capable of driving any Diehl 
size 11 or 15 servomotors, or equivalent. 

Superior electrical performance is typified by 
near-perfect linearity over a wide range of input 
voltage and by the absence of measurable phase 
shift over a 20 cps. passband. 

The use of advanced packaging techniques in 
2 inch diameter modules produces continuous 
power outputs of 6 watts in a 1% inch long can 
or 35 watts in a 3% inch long can. Units are not 
potted, for accessability and ease of maintenance; 
air-tight cases are filled with inert aluminum oxide 
particles for maximum heat transfer. 

Also available is Diehl TP3-100 solid state 
power supply which accommodates either 6 or 
35 watt units by means of direct plug-in. 


Please write for additional information. 
4003 


DIEHL MANUFACTURING COMPANY 


A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 


Somerville, New Jersey 
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*A Trademark of THE SINGER MANUFACTURING COMPANY 
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PROGRAM RELAYS 


Moly-Disulfide-Filled Nylon Cans 
& Ratchets Withstand Heavy 
Shock and Wear 


Using cams and ratchets made frm 
a sintered nylon called Nylasint, Co 
nell-Dubilier Electronics Division 
Federal Pacific Electric Co.,Fuquy 
Springs, N. C., has developed mult 
pole, bi-stable program relays wil 
the programming based on cam 
action rather than cross wiring. 

Elimination of cross wiring ® 
duces labor costs and solves a criticd 
quality control problem. Direct poitt 
to-point cam contacts replace wipitf 
contacts which wear, can_becoit 
dirty and are limited to milliamp a 
rent. Point-to-point contacts  swilt 
from micro-watt input to substanti 
amperage. 

The basic ratchet and pawl met 
anism is well known to mechati 
engineers as a highly reliable, la 
life device. They use it for such ji 
as intermittent feeding, prevent 
rotational movement in one direct 
uni-directional clutching; ete. Tt 
phone engineers have used the 
et and pawl design for highly ® 
able stepping relays. However, ™ 
use a Z-nickel ratchet wheel to 
sufficient hardness and weat. 
Z-nickel is extremely difficult to! 
chine and is very expensive. Ones 
timate placed the cost of the malt 
wheel at more than the total cat 
building the entire bi-stable step 
relay. 

The sintered nylon cams © 
ratchet wheels, manufactured by# 
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molybdenum-disulfide filled 

nylon parts are subjected to 
heavy impact by the rigid stop. An ex- 
tensive testing program evaluated a 
yide range of materials including fil!ed- 
aE. sintered nylon, standard nylon, 
pais and acetates. The close toler- 
‘ances. resi ience and abrasive resistance 
od by the relays could only be 

in Nylasint. 










“& corporation, a subsidiary of The 
“Polymer Corporation, Reading, Pa. 
qe formed in a process similar to 
‘that of powder metallurgy. Crystal- 
“ine nylon powder filled with molyb- 
denum disulfide is cold pressed and 
sintered. The moly-disulfide filler im- 
proves dimensional stability, raises 





avy 
Molybdenum-disulfide filled sintered 
nylon is held to very close tolerances 
during sintering. Diameters are held to 
+ 0.0005 with concentricity within 
one-thousandths full indicator reading. 
Parts are formed by cold pressing. They 
are sintered without restricting molds, 
thereby minimizing internal stresses. 
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compressive strength and lowers the 
coefficient of friction. The high crys- 
stalline structure obtained through 
the sintering process improves wear 
and abrasion resistance, lowers hy- 
groscopic and thermal expansion, 
raises heat distortion temperatures 
and increases resistance to deform- 
ation under load. 

Despite their small size, the min- 
iature Nylasint parts must withstand 
heavy shock and abrasive wear. Heavy 
shock is administered to the sintered 
ratchet wheel by fast closing action. 
No overrun, backlash or play, can be 
tolerated in the unit. A rigid stop 
engages and stops the sintered nylon 
ratchet wheel at top speed. The ma- 
terial must have resilience to stand up 
under this punishment over the long 
life — 5-million operations. 

Dimensional stability is another 
problem solved by the use of Nylasint 
parts. There can be little variation 
from part to part, as molded. And, 
when assembled into the completed 
unit, the part must hold its dimen- 
sions even under high humidity and 
elevated temperature conditions. The 
original design based on nylon 101 
had to be scrapped. Standard mold- 
ing tolerances are much too great 
for the accuracy required. Diameters 
must be held to +0.0005 and be 
concentric to within 0.001 full in- 
dicator reading (FIR). Standard nylon 
101 is hygroscopic and_ substantial 
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Te molybdenum disulfide filler de- 
teases dimensional growth due to 
water absorption. In addition to lower 
ic expansion, the moly- disul- 
fide lowers the thermal expansion rate, 
mises the heat distortion temperature 
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DIMENSIONAL GROWTH DUE TO WATER ABSORPTION 


and improves resistance to deformation 
under load. All of these contribute to 
greater dimensional stability in the Ny- 
lasint parts both as molded and 
throughout the life of each part. 






size changes were encountered under 
high humidity conditions. Molydi- 
sulfide filled sintered nylon can be 
held to very close tolerances during 
sintering and has greater dimensional 
stability under humid conditions. 

Specifications call for a five-year 
life of 470,000 cycles. Tests run by 
Cornell- Dubilier have subjected the 
relays to between 1 and 2 million 
cycles with no apparent wear on the 
cams or ratchets. The stepping relays 
have also been run as ratchet motors 
on rectified 60-cycle AC for periods 
of several hours with no effect on 
the sintered nylon parts. One unit 
is still operating satisfactorily after 
a continuous two year test estimated 
at 100-million cycles. 

Relay programming is extremely 
flexible. Cam profiles and alignment 
can be altered during assembly and 
cams of different profiles can be used 
on the same cam shaft. Programming 
relays are built with two to ten con- 
tacts and they can be designed to 
stack four high. Combinations of any 
of these variations can supply the 
designer of digital systems with a 
broad choice. 

The sintered cams are oriented at 
assembly to almost grinding cam- 
shaft tolerances. They are located 
within +% degrees and pressed onto 
a pinion shaft with an involute tooth 
spline. Self-lubrication characteristics 
of the Nylasint make press fitting 
easy. No extra lubrication is neces- 
sary with the 0.002-inch total shaft 
interference fit. 

These relays make new concepts 
possible in combinations of semi-con- 
ductors and mechanical switching. 
Instantaneous power of a few micro- 
watts input to a switching diode trig- 
gers the input of the bi-stable relays 
which can switch heavy currents con- 
tinuously. This would be impossible 
with switching diodes alone because 
they will not handle enough power 
continuously. 

The relays have extremely fast 
closing times. Even in the present 
standard units, the closing is in ap- 
proximately 2 milliseconds. Moly- 
disulfide sintered nylon cams have 
low break-away coefficients of fric- 
tion as well as running friction. There- 
fore, smaller, more compact coils can 
be used in the relays. Cornell-Dub- 
ilier engineers say they have proto- 
type units that are the size of a 
fingernail. oe 


Fer More Information on Nylasint Parts 
Write No. 181 in Box on Inquiry Card 


For More Infformation on Program Relays 
Write No. 224 in Box on Inquiry Card 
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@ Now—a radical departure in stepper design provides 
new opportunities for applying the stepping relay princi- 
ple over a far wider range than ever before. 


1. High Contact Rating. 3 amps resistive, 1 amp in- 
ductive (50% P.F.) made possible by contactor action, 
dual make-break, positive circuit isolation contact 
mechanism. A revolutionary development, the Roto- 
mite stepper eliminates wiping contacts, bridged cir- 
cuits and, in most applications, slave relays. 

2. Continuous Duty—from 3 to 230 v.d.c. 

3. Production line design —completely metal clad— 
needs no special protection on the line. Shrugs off 
impacts of careless handling and is also unaffected 
by dust or metal particles. 

4. Continuous rotation—up to 30 steps per second. 
No reset in present production items which include: 
D.C. continuous duty; A.C. intermittent duty; A.C. 
continuous duty now in development stage. 

5. Life: Well in excess of 1,000,000 operations. 


6. Size: 2” long and 1%." in diameter. Weight: approx. 
4 oz. Cost? Incredibly low! Write on your business 
letterhead for quick sample service and detailed 
information about the ‘‘Rotomite’’ midget stepper. 


GUARDIAN 1G] ELECTRIC 


MANUFACTURING COMPANY 


1562-M CARROLL AVENUE “Everything Under Control’ 
CIRCLE NO. 32 ON INQUIRY CARD 


CHICAGO 7, ILLINOIS 























SCR Phase Controllers 


Solid state, medular phase contro}. 
lers and servo amplifiers using silj. 
con controlled rectifiers _ provide 
optimum design for practica'ly any 
power control application from watts 
to kilowatts. 





The phase controller, developed 
by General Electronic Control, Inc, 
Minneapolis, Minn., produces a 
sharp pu'se or gating signal which 
turns on the SCR units. The firing 
angle of the SCR is a function of the 
input signal and thus proportional 
control of the ac power is provided, 

Input signals can be 400 cycle ae, 
60 cycle ac or de. High, medium or 
low gain pre-amplifier modules can 
be utilized ahead of the phase con 
trollers where small inputs from re 
sistance temperature detectors, ther 
mocouples or bonded strain gages 
are involved. 

For low power servo applications, 
up to 300 watts, the SCR’s are add 
ed to the phase controller package 
resu'ting in a miniature, all sem 
conductor SCR servo amplifier. 

Variations of the basic modules 
number about 50 and can be com 
bined to form thousands of different 
control amplifiers for a wide variety 
of applications. Units vary in sit 
from 4 to 16 cu. in. and in weight 
from 3 to 15 oz. Response time is 
% cycle max. High efficiency a 
low impedance of the SCR’s permit 
wide interchangeability of 
fiers. All units are temperature com 
pensated and meet military vibe 
tion shock and environmental tf 
quirements. 


WRITE NO. 176 IN BOX ON INQUIRY CARD 
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. — Video correlators, compact electronic devices, which significantly increase the ef- 
provide fectiveness of radar, will be supplied to the Navy by the Electronics Division of 
'ly any Chance Vought, Dallas, Texas. The device makes it possible to obtain a distinct 
n watts radar target image under circumstances in which the image otherwise would be 
gbscured on the radar screen. The video correlator performs post-detector cor- 
relation of the video signal. Its basic function is the sorting of target pulses out 
of noise and interference, based on a uniform time spacing or delay between 
successive video pulses or the pulse repetition period of the radar. Key elements 
of the device are two matched magneto-strictive delay lines and their associated 
coincidence gates. All characteristics of the raw video signal are retained with- 
out distortion. Since target pulses are received at uniform time intervals and the 
noise and interference are either irregular or occur at a different time spacing, 
the correlator, using a delay principle, selects only those signals which come 
from the target. Performance capability of the video correlator has been proved 
by several hundred hours of operation both in the laboratory and in-flight tests. 
The device now is available in production quantities and can be tailored for 
any existing radar, according to the company. H EI he 2 E 
draulic control systems under a $1.3 million contract to Kearfott Division, 
Roel Precision, Inc. from the Martin Co. are to be ge eras, ake em U pa IVERSAL 
control modules consisting primarily of a high performance electro-hydraulic servo 
valve, an integral electric motor pump, a pressurized sump and two synchronized Aaa OTTO Rs 
rotary output shafts. They wil! plug-in to the Pershing missile proper and re- 
quire only electrical connection to the missile’s power supply and guidance sys- Type AD, smallest of Heinze 
tem. Designed for long term storage in the field with no degradation of per- Universal Motors, is only 21%," in 
veleail formance, plug-in modules permit instantaneous field replacement of — hy- diameter, 334” long ( excluding shaft), 
1, ae draulic package without need for critical alignment or extensive interconnections. and weighs 1% Ibs. Where size is 
nces 8 ; critical but a universal motor is re- 
1 which Tunnel diodes will be further investigated by Hughes Aircraft Co.’s Semicon- quired, Type AD is ideal for inter- 
e firing ductor Div. for the Army Signal Corps under a $150,000 contract. The 18-month mittent duty applications such as 
n of the} — study calls for theoretical and experimental work leading to extending voltage vending machines, automotive or 
ortional and frequency ranges for the devices. The effect of heavily-doped junctions on low voltage requirements. At 5,000 
rovided. |} the tunnel phenomenon and the effects of various materials on the diode perform- rpm load speed, motors develop the 
rele a ance will be studied, and specific application experiments will be carried out. following horsepower ratings: 6V, 
a Hughes plans to extend the study program well beyond the $150,000 contract, DC — 1/30; 6V, AC — 1/40; 12V, 
ase con-|— With remaining costs financed by the company. DC — 1/30; 12V, AC — 1/40; 115V, 
rom re AC/DC — 1/40. Slightly higher hp 
rs, ther Briefly: ratings are available for highly inter- 
n 696%!) Solar energy converter: $52,990 to National Research Corp., Cambridge, Mass. mittent operations. CW or CCW ro- 
‘ati from the Wright Air Development Div., U.S.A.F. tation. Die cast or drawn steel case. 
Se a Wide choice of modifications. 
nodal Critical relays: For the tactical launch control equipment of the Atlas Send coupon for catalog. 
I] semé Series “E” missile program over $1 million to Leach 
on Corp., Los Angeles, Calif. from Hallamore Electronics. 
m 
be com Synchro and resolver test $351,320 to Theta Instrument Corp., Saddle Brook, salt teen ae 
lifferent) § struments: N.J. from the Air Force. Lowell, Massachusetts 
4 variely SUB-FRACTIONAL HORSEPOWER MOTORS AND BLOWERS 
in sut|) High Speed data display $193,600 to Data Display, Inc., St. Paul, Minn. from | -o0o 
a x Lockheed Aircraft. HEINZE ELECTRIC COMPANY 
time 685 Lawrence Street, Dept. ED 
ney and Airhorne electronics system: $3 million to Packard Bell Electronics, Los Angeles, Lowell, Massachusetts 
} perm ‘ali Rhee ‘ laval Weanons Please send catalog on Heinze Sub-Fractional 
ampli Calif. from the Navy Bureau of Naval Weapons. Seaman tiaemabennedn 
wo oo High reliability capacitors: $421,180 to John E. Fast & Co., Chicago, Ill. from Name and Title.........ssssssceecserseeevesees 
me re North American Aviation, Inc. for the Minuteman i iin icistitsetcicivcietitbcc tess 
ICBM. oa wie ak EET PTL EERT EEC OCY PEP TE Oe are oe 
RY CARD Electron tubes: $138,344.36 to Allen B. DuMont Labs., Clifton, N.J. CUY-GRE BONED... crcscccccccesccevcccsevesevess 
—— from the U.S.A.F. 
CIRCLE NO. 45 ON INQUIRY CARD 
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Projection of helical electron trajectory 
to emitting plane). 
electrode spacing is generally quite close, very few of 
the electrons travel far from their point of origin. Con- 
sequently, each electron throughout its travel sees a 
magnetic field of essentia'ly constant magnitude and 
direction (parallel to the emitting surface). 
these conditions, each electron follows a helical trajec- 
tory about an axis parallel to the magnetic field. Pro- 
jecting this helix onto a plane normal to its axis shows 
that the electron path always returns to the emitting 
plane. Thus, the only electrons which escape to the col- 
lector are those whose’ maximum a titude (a) exceeds 
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MAGNETIC FIELO in gauss 


electrode spacing. As would be expected, increas. 
ing the field strength B decreases the transmitted cur- 
rent, since the e'ectron trajectories are bent more sharp- 
ly. Increasing the electrode spacing also diminishes the 
transmitted current, since it makes it more difficult for 
electrons to reach the collector. Raising the emitter 
temperature increases the transmission fraction, by im- 
parting a higher initia) velocity to the emitted elec- 
trons. For an emitter temperature of 2000 K, Fig 1 (B) 
illustrates the effect of field strength on transmission 
fraction, for various electrode spacings D. Note that 
even modest fie'’d strengths reduce the electron trans- 
mission substantially. 

















T#2000°K 
| 


30 40 50 60 70 








MAGNETO-THERMIONIC GENERATOR 


External Magnetic Field Permits 
Greater Design Flexibility 


In our October issue we discussed 
briefly the state-of-the-art in the design 
of thermonic generators. The article 
was based on small, low power units, 
consequently, the effect of magnetic 
fields on electron transmission was not 
considered since prevention of mag- 
netic fields is relatively easy in small, 
low power thermionic converters. 
Because of its inherently low operat- 
ing voltage, a high-power thermionic 
generator must of necessity produce a 
very large current; and this, in turn 
will induce a sizable magnetic field 
parallel to the emitting surface. Fig 1 
illustrates that such a field deflects the 
electrons, forcing some of them back 
to the emitter and that the attainment 
of high current density (and efficiency) 
is only possible with relatively small 
electrodes. This severe restriction on 
allowable electrode size represents a 
highly undesirable limitation on the 
freedom of design. In particular, it 
may make it quite difficult to build an 
efficient high-power generator, To 
avert this difficulty some electrode con- 
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figuration is required that produces 
large currents without inducing strong 
magnetic fields or a system permitting 
high current transmission in spite of 
the large self-induced field must be 
devised. To attain the latter objective, 
Mr. A. Schock of Republic Aviation 
Corp., Farmingdale, N.Y., in a paper 
presented at the 1960 AIEE Pacific 
General Meeting, proposed the con- 
cept of a magneto-thermionic genera- 
tor in which an additional magnetic 
field perpendicular to the emitting 
plane is superimposed on the self-in- 
duced parallel field. 


PERPENDICULAR FIELD EFFECT 


As shown by Fig 2, the combined mag- 
netic field intersects the emitting plane 
at an angle a, whose value depends on 
the relative magnitudes of the parallel 
and perpendicular field components. 
Again the electrons follow a_ helical 
trajectory about an axis parallel to the 
field lines. This time, however, not 
every trajectory returns to the emitting 
plane. The electron motion may be 
compared to a man climbing a circular 
staircase in an inclined tower. 


COLLECTOR 








oF 
EMISSION 


Fig 2 Combined parallel field (B,) 
and perpendicular field (B.); tan a= 
(B./B,) 


Equations of electron motion wet 
solved by a digital computer, with tht 
results shown in Fig 3. It is seen thit 
with matched fields (B, = B,), ove 
70% of the emitted electrons reach tht 
collector, and that a perpendiculif 
field of twice that magnitude (B,= 
2B,) permits 90% electron transmissidl 
Thus, a perpendicular field of reasoh 
able magnitude permits efficient ope 
ation in spite of the self-induced 
flecting field. 


PROPOSED DESIGN 






To examine the effect of magnetic fel 
on power density and efficiency and! 
ascertain what fraction of the gen@ 
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Fig 3 Effect of perpendicular mag- 
netic field on electron transmission. 


ated power is required to produce the 
perpendicular field, Mr. Schock de- 
scribed a possible design of his pro- 
posed magneto-thermionic generator. 
Since the main interest is in relative 
rather than absolute performance, any 
reasonable assumptions may be em- 
ployed. 

The generator, shown in Fig 4, con- 
sists of a 4 ft high stack of plane disk 
electrodes, 3 ft in diameter. Altogether, 
there are 50 unit cells connected in 
series, each cell consisting of one hot 
and two cold electrode disks (so that 
both sides of the emitters are utilized). 
The cathodes contain enough fission- 
able fuel to make the entire assembly 
a critical reactor. Thus, the heat is 
generated within each emitting disk. 
If a cathode work function of 2.2 volt 
and a temperature of 2225 F is as- 
sumed, the Richardson-Dushman equa- 
tion gives a saturation current density 
J,= 10 amp/cm?. If none of the emit- 

electrons were turned back by the 
self-induced magnetic field, such a 
generator would produce a current of 
181 ka. However, it is easily shown 
that a 3 ft electrode, operating at the 
above current density, would generate 
4 self-induced Be field of 572 gauss 
at the disk’s periphery. A parallel mag- 
netic field having even a small fraction 
of this strength would force practically 
ill of the electrons back to the emitter. 
y, for a 0.3 cm spacing between 

3 ft electrode disks, only 4.5% of the 
emitted current reaches the collector. 

To counter the self-induced field, a 
magnetic field B, perpendicular to the 

e disks is imposed by surround- 
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SOCKETS and 


The COMPLETE LINE 


(Must. approx. 60% actual size) 





For Small Lamps a: OT; 


DOUBLE CONTACT CANDELABRA BAYONET 





Py 2-90-1 
6 12-240 (1) Wire Lead 
57-45 ~ (Plug Button) Grounded) 
WIRE TERMINATIONS SPECIALTIES 
CANDELABRA INTERMEDIATE A large variety of Besides thousands of standard sockets, we 
Solderless Terminals - also offer excellent modern facilities for the 
SCREW BASE such as Quick Connect, manufacture of special assemblies, such as: 


4-45 
















Ring, Flag, Spade, etc.- 
can be furnished with 
wire lead assemblies. 


LAMPS 


Order complete with 
lamp to assure your 
receiving a correct 
assembly, ready for 
immediate use. 
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Printed Circuit Sockets © Neon Units 
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Grounded Sockets © D.C. Indexing 

Plug Button Units © Lamp Shields 

Electronic Assemblies © Sub-Assemblies 
Cord and Plug Assemblies 
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Acceleration 
and high shock 


testing before trigger time, are 
critical to the quality control of 
bomb rack components at Singer- 
Bridgeport. Today high capa- 
bility in engineering, precision 
machining and electro-mechani- 
cal assembly make Singer- 
Bridgeport a prime supplier to 
the military and sub-contractors. 


Test facilities provide the range 
of equipment needed to check 
out components and systems to 
close specifications: acceleration, 
vibration and shock, tempera- 
ture, altitude, humidity, salt spray 
conditions. Military and indus- 
trial procurement alike find both 
quality control and quality pro- 
duction at Singer-Bridgeport. 


A comprehensive brochure de- 
scribing these engineering and 
production capabilities is avail- 
able to you on request. 2886 


SINGER-BRIDGEPORT 


A DIVISION OF THE SINGER MANUFACTURING COMPANY 
915 Pembroke Street Bridgeport 8, Conn. 






*A Trademark of THE SINGER MANUFACTURING COMPANY 
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ing the cylindrical generator with three 
closely wound coils of % in. aluminyy 
tubing, connected in parallel with the 
electrical load. These coils, using legs 
than 1% of the power generated, would 
produce a B, field of 1130 gauss, which 
is twice the magnitude of the may. 
mum Bé field. For this field ratio, 99 
of the emitted electrons reach the el. 
lector. Thus, the average current trans. 
mission of the proposed design is be. 
tween 90% and 100%, compared to the 
4.5% transmission attainable withoy 
the perpendicular field. 

To assess the effect on conversion 
efficiency, an anode work function of 
1.08 volt, a temperature of 440 F, and 
electrode emissivities of 0.3 are as 
sumed. For this design, calculations 
show an optimum lead resistance of 
0.12 volt per cell. This leaves an e. 
ternal voltage drop of 2.2—0.19- 
1.08 = 1.0 volt per cell, or a total load 
voltage of 50 v. 

In the presence of the perpendicu- 
lar magnetic field, the total heat input 
is 21,100 kw and the electric output 
is 5983 kw. Thus the overall efficiency 
equals 28.4%. 

In the absence of the perpendicular 
magnetic field, the heat input would 
be 4100 kw and the electric output 
would be 313 kw; therefore, overall 
efficiency would equal 7.6%. Thus, the 
addition of the perpendicular field im- 
proves the efficiency from 7.6% to 
28.4% and increases the power produc 
tion from 313 kw to 5983 kw, 

If experiments confirm the predicted 
effect of the perpendicular field, the 
magneto - thermionic generator could 
produce a fluctuating dc output by 
means of a modulated field coil cur 
rent. If this output current is the 
passed through a transformer, its a 
component can be extracted ani 
stepped up in voltage to match load 
requirements. eo 


FIELD CON 
3 wiNDINGs 
$0.0. TUBING 










EMITTERS (50) ~ 
T= 1491°K my 
©: 2.2 VOUT 








COLLECTORS (100) — 
T=500°K 
® = 1.1 VOUT 

















Fig 4 Design of a proposed magne? 
thermionic generator. 
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AWALOG-DIGITAL 
DIFFERENTIAL ANALYZER 


Digital Registers Combined with 
analog Elements Provide Greater 
precision than Conventional 
Analog Computers 


The National Bureau of Standards has 
been investigating an analog-digital 
differential analyzer that combines the 
analog advantages of high speed and 
continuous representation of variables 
with the digital capability for high 
precision and dynamic range. Depen- 
dent variables are represented by two 
quantities, a digital number represent- 
ing the more significant part, and an 
analog electrical voltage representing 
the less significant part. Developed by 
Mr. H. K. Skramstad of the Bureau's 
data processing sys’ems laboratory, the 
proposed analyzer appears to be 
naturally applicable in simulating the 
dynamic problems in missile or air- 
craft design studies. 


: PULSE SIGN 
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‘ANALOG 
INTEGRATOR _ | Pag 


Block diagram of integrator shows how 
the proposed analog-digital system 
could be used to solve a simple 
differential equation. dx/dt— —x. 








ANALOG 
INVERTER 


An electronic analog computer, al- 
though useful in solving dynamic prob- 
lems described by differential equa- 
tions, suffers from limitations _ of 
accuracy and dynamic range. A digital 
differential analyzer can provide any 
required degree of accuracy or dynamic 
range, but it is relatively slow in oper- 
ating and subject to possible instability 
of solution resulting from numerical 
lepresentation of the variables and the 
Wwe of finite different calculus in inte- 
Gation. Use of both analog and digital 
~iliques in a single analyzer com- 
dines the advantages of each for solv- 
Mg problems rapidly and with the 

level of precision. 
» an integrator and a multi- 
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. ++ positions antenna in air-borne 
Doppler Navigation systems 


ELECTRO 
Custom Pickups 


SOLVE TOUGH 
CONTROL 
PROBLEMS 


These are only a few of 100’s 
of designs manufactured 

for special and critical 
applications. EPL Magnetic 
Pickups convert mechanical 
energy to voltage/frequency 
in proportion to speed. 

No physical contact or 
electrical power needed. 
They weigh as little as 

2/10 oz. and never wear out. 


















.. APU overspeed safety shut-off transducer 
requires no external power source 
on military aircraft 





















++. senses overspeed in turbines 
of jet airliners 
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classified missile applications. 
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y ANTENNA TYPE 


ADVANCE: 


RILATY 


RELAYS 
FRUM STuth 


SMALL ANTENNA RELAYS 


COIL RES. COIL 
TYPE (OHMS) VOLTAGE 

AH/2C/6VD 6 VDC 
AH/2C/12VD 12 VDC DPDT 10 amps 
AH/2C/6VA 6 VAC DPDT i0 amps 
AH/2C/115VA 115 VAC DPDT 10 amps 
AH/2C1C/115VA 450 115 VAC DPDT +- SPDT 
(aux) 10 amps 


LATCHING ANTENNA RELAY 


COIL RES. COIL 
TYPE (OHMS) VOLTAGE 
AL/2C/115VA 250 operate 115 VAC 
630 reset 


MIDGET ANTENNA RELAYS 


COILRES. COIL 
TYPE (OHMS) VOLTAGE CONTACTS* 
DPDT 2 amps 


AM/2C/6VA 4 6 V, 
AM/2C/115VA 600 DPDT 2 amps 
6V DPDT 2 amps 


AM/2C/6VD 25 
AM/2C/12VD 100 DPDT 2 amps 
VERY HEAVY DUTY ANTENNA RELAY 


a COILRES. COIL 
SEND FOR |i TYPE (OHMS) VOLTAGE 
LITERATURE AT/2C/115VA 450 115 VAC 
NOW 


CONTACTS* 
DPDT 10 amps 


CONTACTS* 
DPDT 10 amps 


CONTACTS* 
DPDT 10 amps 


*Resistive rating 
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Get| greater DESIGN POTENTIAL 


by usine HAYDON PUSHBUTTON 


& TOGGLE Switcr,. 






Engineered flexibility en- 
ables HAYDON to offer 
the largest listing of 
standard Pushbutton 
Switches (162) and 
Toggle Switches (324). 











ROCKER SWITCH for pitch 
trim control in the Lockheed 
Jetstar . . . new executive 
transport. 





3 current HAYDON Pushbutton 
Switch applications: 















3 Pole Switch with Sole- i 
noid Coil, which holds de- » 
pressed pushbutton in 
the ‘‘on"”’ position until 
solenoid releases. Used 
in jet fighter-bomber. 












Alternate Action Pushbutton 
Switch with double-pole, 
double-throw circuitry. This 
assembly is an example of 
the Haydon Standard Series 
which includes momentary 
as well as push-push action. 





HAYDON Pushbutton Switches are 2 to 
6 pole, double-throw; actuating buttons 
available in three colors; terminals— 
solder hole, turret, or double turret; 
use HAYDON Series 5300 snap-action 
switches. 


New versions in HAYDON Toggle 
Switches are created daily because of their 
DESIGN FLEXIBILITY. 









































Assemblies can be furnished in various 
combinations of momentary and main- 
tained positions ...and versatile SPDT 
circuitry of the individual switches pro- 
vides a variety of wiring options to meet 
your design requirements. 


HAYDON Toggle Switches are: 1 to 8 pole; 
2 and 3 position, double-throw; standard 
bushing or panel seal version; terminals 
—solder hole, turret, or double turret. 


We invite you to write today 
for Bulletins Nos. 53T-1 and 
53PB-1, which will give you 
complete technical data on 
these switch assemblies. 


These new subminiature 
toggle-assemblies use 
HAYDON-snap-action 
switches rated at 5 amps 
Resistive, 3 amps Induc- 
tive, at 30 VDC and 115 
VAC. 


















. N Senteh INCORPORATED PLaza 6-7441 


WATERBURY 20, CONNECTICUT 
CIRCLE NO. 39 ON INQUIRY CARD 









RESEARCH. 


plier have been designed. In general 
they consist of one or more of th 
following units: an input digital 





ister, for accumulating digital results 
a digital-to-analog converter, a og. 
ventional analog integrator, a resettabl, 
analog integrator, an analog gs 
and a comparator. These basic unis 
can be constructed from electronic 
digital and analog circuits, presently 
in use. Analog-to-digital converters ar 
not required for this system. 

The over-all analyzer is designed » 
that the time period (At) during 
which the numbers in the digital reg. 
isters do not change is made as smal 
as possible, consistent with component 
limitations, in order to permit th 
maximum number of such periods, The 
greatest speed and precision are real 
ized, of course, with the smallest At 
However, At must be long enough ng 
only to permit full-scale excursions of 
the various analog voltages, but al» 
to fit within the bandwidth limitatioy 
of operational amplifiers. Improvement 
in the characteristics of these units wil 
help reduce At. Even with preset 
components, it is estimated that th 
precision in solving problems can k 
increased by a factor of ten to Ii 
over conventional analog methods. 

Work has recently begun on the com 
struction of breadboard models. The 
circuits will contain two integrator ani 
two multiplier units, each capable d 
receiving input voltages from othe 
units. Digital registers and digital 
analog converters will be constructel 












from transistorized digital packages aul 
the analog components from ci 
mercially available wide-band ope 
tional amplifiers. The models will hav 
an 8-bit plus sign input and accumt 
lating registers, an analog referent 
voltage of ten volts and will oper 
with a At of one millisec or less. ® ** 


ee 
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Flexible Shaft Assemblies 






Announced for the first time are stall 
ard flexible shaft assemblies of ot 
180 variations which are listed im! 
catalog. The standard assembly is ¢ 
fered in four different cable & 
0.130”, 0.150”, 0.187”, and 025 
with either uni-directional type 
for motor driven or high speed 9} 
cations or directional type cable wi 
is used basically for hand open 
control applications. 

Source: F, W. Stewart Corp. 

Chicago, Ill. 
For Your Copy: Write 831 on Inquiry Cord 
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PARAMETRIC 
MODE TRANSISTOR 


New Development May Simplify 
Communication Equipment and 


Computers 


Hughes Aircraft Co.’s Semiconductor 
Div. is building a laboratory production 
line for a parametric mode transistor 
that operates at ultra-high and micro- 
wave frequency ranges. The Hughes 
transistor is said to be the first to op- 
erate in the parametric mode at a fre- 
quency range two to five times higher 
than what was considered the absolute 
frequency limit of any commercial 
transistor. 

The transistor has produced nearly 
4 kilomegacycles at 10% efficiency 
when tested in the UHF and micro- 
wave mixer-oscillator circuit invented 
by Dr. Vladimir W. Vodicka of the 
Lenkurt Electric Co. The transistor’s 
designer, Hughes’ physicist Rainier 
Zuleeg, predicts even higher frequency 
ranges in the microwave region . . . 
eventually up to 10 kilomegacycles 
while still retaining a minimum eff- 
ciency of 10%. 

Dr. Vodicka’s circuit extends the per- 
formance of transistors so that they de- 
velop useful gain considerably beyond 
their normal cutoff frequency. At the 
same time, it reduces the inherent noise 
of transistors to an extremely low level. 

In his earlier experiments at Len- 
kurt, Dr. Vodicka obtained promising 
results with several commercial tran- 
sistors. However, Dr. Vodicka reported 
that the Hughes transistor produced the 
best and most predictable results. Since 
February, Vodicka and Zuleeg have 
been working to increase the perform- 
ance of the circuit and have tested a 
number of microalloy diffused transis- 
tors. The Hughes transistor modified 
to favor this mode of operation, has 
consistently produced excellent UHF 
and microwave operation. 

‘The Vodicka circuit and its effect 
o transistors startled the semiconduc- 
tor industry,” Zuleeg stated. “Generally 
speaking, the industry believed that 1 

egacycle was the practical oscil- 
ition frequency limit of standard tran- 
Sistors. Experimental transistors dras- 
tically reduced in size and built with 
Modern diffusion techniques have 
tached 2 kilomegacycles, but their 

lency is limited by their inability 
to handle sufficient power.” 

High frequency operation depends 
® the dimensions of a semiconductor 
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* STYRENE COPOLYMERS RINGS 
TEFLOW SPACERS 
Write, wire, phone for samples, prices and bulletin F listing pam nat 
stock items. Send specifications or blueprints for prompt quo- STRIPS 
tations on specials. 
91-44 Van Wyck Expwy., Jamaica 35, N. Y. JAmaica 3-5500 








CIRCLE NO. 40 ON INQUIRY CARD 





METALS 


ico) am UE-T-MelaMmorelayielareitlelamugiin 


Semi-Conductor Products 







Platinum Alloy Ribbon 


Tungsten-Platinum and Iridium-Platinum 
for “S“, contacts on glass-sealed Silicon 
diodes. One surface is roughened to im- 

q prove contact characteristics... Excep- 

j tionally good spring characteristics of 8% 
Tungsten-Platinum permit use of thinner | 
ribbons, with savings in cost . . . Tungsten- 
Platinum withstands high sealing-in tem- 
peratures with little, if any, loss in spring 
characteristics. 
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NOW, 21-DAY 
DELIVERY 
ON GIANNINI 
ULTRA-LOW-TORQUE 

















New fast service from Giannini on Micro- 
torque® and Minitorque® ultra-low torque 
precision potentiometers. Your best bet for 
ultra sensitive instrumentation where driv- 
ing torque is small or where appreciable 
loading would affect accuracy. 


Microtorque’s 0.031” diameter shaft mounted 
in jewel bearings has a torque which does 
not exceed 0.003 to 0.008 oz-in depending 
upon resistance. Minitorque’s 0.125” diam- 
eter stainless steel shaft is mounted in 
either ball or sleeve bearings. Minitorque 
has a torque of from 0.005 to 0.025 oz-in. 


Both available in resistance ranges 100 to 
100K ohms. Linearity +0.25%; resolution to 
0.05%. Twelve basic wiring configurations 
offered, some including multiple brushes and 
taps. High-temperature models available. 


Call your Giannini sales rep listed below 
now, or send for data file. 


Giennini Controls Corp. The Robert F. Lomb Co. 
Glendale, Colif Buffalo, New York 
CHapman 5-570! BEdford 3757 


Coldwell Twp., N.J. 
CApital 6-7777 





Buchanan 
Orlando, Fila. 
GArden 3-8995 


Dence Corp. 
Fairview Village, Pa. 
BRoodway 5-2 


C. BD. Daniels. 
Tulso, Oklahoma 
LUther 4-1142 


Cleveland 23, Ohio 
REdwood 2-7444 


Dayton 20, Ohio 
CHapel 4-555! 
wouny Seles Company 
Konsos City, Mo 
VAlentine 1-5330 
St. Lovis, Mo 
PArkview 5-770! 


Herry W. 
Chicago 46, Ill. 
ROdney 3-3636 
6. Mm 


. Howerd & A: 
San Corlos, Calif. 
LYtell 1-5736 


Howe & Howe 
Pho®nix, Arizona 
AMherst 5-9185 
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& Abroms Assoc., Inc. 


Meredith Engineering Assoc. 
Pasadena, Calif. 
MUrroy 1-9957 or 
SYcamore 2-3103 


L. F. Murphy Assoc. 
Minneapolis, Minn. 
FRanklin 4-2350 


Jake Rudisill Assoc. 
Chorlotte, N.C. 
FRonklin 6-4792 
High Point, N.C 
Phone 2-6723 

N. R. Schultz Co. 
Seattle, Wash. 
MAin 4-8650 

Frank Tylinski 
Bayside, New York 
HOllis 4-8927 


T. R. Van Wagoner Co. 
Salt Loke City, Utoh 
INdependence 6-246! 
George Weinreich & Assoc. 
Dollas 18, Texas 

DAvis 1-2800 

4. F. Wulfetange, Jr. 
DeWitt, New York 
Gibson 6-3330 

Zaslow Sales Co. 

West Hartford 7, Conn. 
ADoms 6-3265 
Northboro, Moss. 
EXeter 3-8150 


Controls Corp. 
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Fig 1 Pointer indicates transistor mounted 
in circuit; both are in the development stages. 


device itself, Mr. Zuleeg explained, 


| with the limiting consideration being 


the time it takes charged carriers to 
pass from one side of a semiconductor 
to the other. The shorter the transit 
time of the carriers, the higher the 
frequency. “This means that transistors 
must be reduced to extremely small 
sizes,” Mr. Zuleeg continued. “When 
you do this to any semiconductor de- 
vice, you limit the amount of power 
it can handle and you sacrifice efficien- 
cy for a higher frequency.” 

According to Mr. Zuleeg, the prin- 
ciple of parametric amplification in 
semiconductors was previously applied 
only to a diode. But, in addition to 
varying capacitance, as in the case 
with a diode, the entire input imped- 
ance of a transistor may be varied 
in the circuit to amplify the input sig- 
nal with greater efficiency. 

Modern miniature circuit require- 
ments, Mr. Zuleeg commented, led to 
the development of diodes as substi- 
tutes for heavy, bulky, traveling wave 
tubes. “But a diode has its limitations; 
it is a two-terminal package so that 
electrical output and input are difficult 
to separate. Secondly, oscillating pump 
power must be supplied externally. 
Power handling capabilities of a diode 
are limited because of small dimensions 
required to obtain high frequency.” 

The transistor is a_three-terminal 
package and input and output are easi- 
ly separated. Also, the transistor itself 


oscillates and delivers its own pump 
power. 

“The only other light-weight methol 
available to date,” Dr. Vodicka stated, 
“is a diode harmonic generator thi 
provides small amounts of power a 
harmonics of a transistor oscillating # 
a low frequency but this system 
quires expensive and complicated Gr 
cuitry. Instead of an oscillating tar 
sistor and diodes mounted in critically 
tuned cavities to pump a_ paramehit 
diode, the new parametric operatiol 
requiring only a single transistor pit 
vides a higher gain at a much hi 
frequency. The circuit operates over’ 
wider variation of freqency providing 
greater bandwidth than a diode pat 
metric amplifier, according to Ds 
Vodicka. He also believes that his dit 
covery will lead to simplifying a 
cuitry in communication equipmet 
and possibly in electronic computers. 

His circuit would be ideally suited 
he believes, for tiny portable 
radios or handy-talkies, also for tee 
vision reception in UHF bands beyotl 
present fringe areas without the nec 
sity of the usual expensive antenna 
stallations. 

Dr. Vodicka and Mr. Zuleeg & 
phasized that the circuit and transistit 
are still in developmental stages. Bi 
even in this early stage they are 0 
vinced that these developments htt 
unusually promising possibilities. * ** 


Write No. 160 in Box on Inquiry Cord 
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To SEE under the sea takes a scanning commutator with seemingly 
impossible tolerances to insure reliability in ship sonar. That is 
why compression-molded SUPRAMICA® 500 ceramoplastic ma- 
puters. chinable insulation was chosen . . . a proud example of MYCALEX 
| RATION OF AMERICA craftsmanship. 

The specifications are most demanding, the requirements highly 
for tee critical... plates must be flat within .0003” and embody precision- 
or machined recesses to accept 48 pure silver contacts. The angular 





When the requirements seem impossible. .. 








48 precious metal contacts on a 12' circle... 
dy maintaining oo37..2. planar tolerance 


the gamut of humidity and temperature. 

The MYCALEX fabricating facility is not only fully qualified 
to furnish the fabrication of such parts but will design and pro- 
vide required hardware. For gauge-like specifications on large 
production runs or short prototype quantities . . . our engineers 
are ready, capable, and equipped to assist you with your de- 
sign and production requirements. Write for information on 











1s beyon! displacement of the contacts is held to +1 minute. The combina- shines Suite ante 41 care er ‘SYNTHAMICA® 
the neces tion of contacts and SUPRAMICA 500 together must accept a thetic mi ith : t t 
tenna it 2micro inch surface finish. The application sy id A a : os ar ee L 2000°F. 
- tequires that these tolerances are guaran- ne eo ae oe F chee nad’ 7 t ly 
teed for the life of the commutator during wits - - rons = riak ened 
ileeg et Which the environmental conditions run . —_— PS ee ee 
transistor pee 
ages. Bu General Offices and Plant: Executive Offices: 
ee 131 Clifton Boulevard NMYCALEX 30 Rockefeller Plaza 
ents : 
a Clifton, N. J. CORPORATION OF AMERICA New York 20, N. Y. 
ry Card World’s largest manufacturer of glass-bonded mica, ceramoplastics and synthetic mica products 
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PROGRAMMING 
FOR 
PRECISION 


Precision is the prerequisite for meet- 
ing the ever increasing demands of 
this challenging age of Instrumentation 
and Automation. You will find the clas- 
sical solution to your precision design 
and manufacturing problems at H.0. 
Boehme, Inc. 






























































The gear train shown represents a typical 
Boehme answer to a specific precision problem. 


We have set precision standards in 
custom-made gear design, engineering, 
and manufacture for over three dec- 
ades. We will supply all your custom- 
made fine pitch precision gear needs 
—from ¥4” to 5” 0.D., 180 to 16 D.P., 
up to A.G.M.A. Precision #3—or to 
specifications named by you. 


Your inquiries are welcome. Estimates 
based on your blueprints or sketch- 
es will be furnished, at no obligation. 


H.O.Boehme,inc. 
Contractors, Designers, Manufacturers 

of Precision Electrical, Electro- 

Mechanical and Electronic 

Equipment since 1917 

915 Broadway 

New York 10, N.Y. 
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The American Chemical Society Meetings usually announce new materigh 
emerging from the laboratory. Some of these materials are ready for evaluation 
in engineering torture chambers; others are being released from the laboratory 
in the hope that some commercial uses for them can be found. Here are some 
items reported at the recent Society meeting that may find applications in ele. 
tromechanical devices. 


Elastomers—rubber-like materials—received the usual lion’s share of considen. 
tion, pointing out once more the basic importance of this class of materials. Ger. 
tainly elastomers are important and basic to modern technology in much th 
same way that steel is. While we can imagine a technology that existed without 
elastomers, such a technology would undoubtedly be considerably different from 
the present one. Since elastomers are used widely, two general lines of effort 
are followed, making them cheaper and making them capable of higher per 
formance with cost a more or less secondary consideration. 


A new type of elastomer made from ethylene-propylene co-polymers was de. 
scribed by L. O. Amberg and A. E. Robinson of Hercules Powder Co. Plastig 
made from either monomer are well known rigid materials, polyethylene and 
polypropylene. Under the proper conditions a variety of materials from tough, 
semi-rigid, elastomers and soft gums can be prepared. The elastomers can k 
vulcanized by organic peroxides, similar to the process used to vulcanize sil- 
cones. The chief virtue of these elastomers is their unusual resistance to cond: 
tions that degrade conventional rubbers, particularly ozone. The aging resistance 
of these elastomers should be outstanding because of their saturated hydrocarbon 
molecular structure. Other plus features are good heat resistance, low specie 
gravity and eventual low cost, since raw materials are among cheapest available. 


A flameproof rubber was announced by J. C. Montemoroso, C. B. Griffis and 4 
Wilson of the U. S. Quartermaster Research and Engineering Command ani 
G. H. Crawford of Minnesota Mining and Manufacturing Co. This material ha 
a novel and intriguing chemical structure, a carbon-nitrogen-oxygen backbone 
It contains no hydrogen. These “nitroso” rubbers are not only flameproof, bil 
actually will extinguish flame. In addition, it was reported that they are ® 
sistant to solvents and ozone, and are usable at —40F. New vulcanization 9 
tems must be used, generally amines or their derivatives. Fine particle silica hi 
been the best reinforcing filler found thus far. Mil specs usually have a wot 
to say about flammability. On this point alone, these materials may eventually 
find their way into hardware. 


Another development with flame retardance characteristics was announced by 
G. H. Birum, G. R. Richardson and J. C. Dever of Monsanto Chemical Co. A 
series of new phosphorous compounds has been made commercially availa 
for plasticizers for a wide range of plastics. It has been known for a long tim 
that phosphorous compounds impart flame resistance to organic materials. 4 
newly discovered reaction by Dr. Birum makes such materials available a! 
commercially attractive price. Anticipated use of these compounds are in 1 
systems, paper, wood and synthetic fibers. 


High solids-loaded plastic systems were described by J. Winkler of Aerojé 
General Corp. These systems were developed initially for solid propellant me 
tures. The more general applications for potting and encapsulating compoum 
can be readily appreciated. Castable compositions containing up to 81% 

have been achieved. These plastics are based on specially developed low 
cosity polyesters prepared from neopentyl and related glycols esterifie 

azelaic and dimer acids. The polyesters are reacted with di-isocyanates t0 

the familiar polyurethane resins. Curing can be effected at 110°F in 72 his 
This low temperature will not damage most components during potting. © 
mechanical and aging stability are reportedly superior to most similar 
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NORTH ATLANTIC 


industries, inc. 


“ay DATA CONVERTERS 


A miniature self-balancing servo indicator that provides CONDENSED SPECIFICATIONS 





direct readings proportional to the ratio of two DC volt- Accuracy +0.5% of f.s. 

: ; Resolution +0.25% of f.s. 
ages. Input signals can represent two variables or can be _ Excitation typically 5V-50V DC 
a single variable and its excitation source. In the latter Range. 

4 ir dy ae . a ‘ Sensitivity 10 mv., full scale 
application indications are independent of variations in Response Time 0.25 sec. f.s. @ 28V 
excitation, thus permitting measurement accuracy sig- Pisin Comes 115V, —_ os 
nificantly higher than with absolute measurement systems. wales ea 

p P . Input 
The SBI 201/111 is entirely self-contained and can be ° 6 a 

pc supplied to accommodate a wide range of signal inputs, sneiieia voltage source 
SERVO with dial configurations to suit requirements. Optional "Save Ev “¥ Standard. typically 

TIOMETER features include: integral DC excitation source, retrans- 32V to 8V DC) 
RA mitting outputs and internal switching for signaling or Ranges to 10: 1 on 
SBI 201/ 111 control. Weight 3.5 pounds approx. 
Designed for use with resistance type probes for measurement CONDENSED 
of total air temperature in aircraft flight testing, the FT-104D SPECIFICATIONS 
isa servo driven, self-balancing wheatstone bridge, entirely self- Range to user specifica- 


contained except for the probe. Its construction permits wide 
custom choice of measurement range, display and probe charac- 
teristics. In addition to one- or two-pointer visual display, it can input 
be supplied with optional electrical outputs for telemetering, (ohms) 50 to 10K standard 
remote indication or recording. Available with internal DC exci- libration optional relay- 


tion 
Sensitivity from 10 mv. 
Accuracy +0.5% of f.s. 





TOTAL 
TEMPERATURE 


switched in-flight 


i can be used with external supply. Three-wire system calibration 
ooo ; urate measurements with ae ae between as seamaners INDICATOR 
; he 8 P Dimensions 3” dia. x 7” long FT-104D 
and indicator. (typical) 





















ANALOG 
DUAL DIGITAL TO 
POINTER DISPLAY DIGITAL ¢€ 
INDICATOR INDICATOR CONVERTER 
SBI 205 SBI 301 SBI 401 

Miniature panel-mounted position servo Three- or four-digit counter display for For use with pressure transducers, strain 
providing equivalent scale length of highest readability and resolution. Range gages, accelerometers, thermocouples and 

®, for applications where high reso- of available characteristics include ac- other DC output transducers; provides 
lution, readability and dynamic response curacy 0.1%; scale range from 10° to non-ambiguous digital output for record- 
are important. Main dial 354°, vernier 104 counts, full scale response from 3 to ing and data acquisition. Normally sup- 
360°, with 10:1 indication ratio. Accur- 5 seconds. Optional voltage and current plied with brush type encoders, but 
acy +0.1%, resolution +0.05%, sensi- outputs to suit system requirements. Can available also with magnetic or optical 
tivity 100 mv. f.s., full scale response less be supplied for measurement of either encoding assemblies to suit requirements. 
than 3 seconds. Optional single- or multi- DC or AC signal inputs. Basic dimensions 3” x 7”; full scale sen- 
potentiometer outputs, current output, sitivity 10 mv., response time from 2 
control or signaling relays. seconds, depending upon encoder. 





SYNCHRO REPEATERS. 2” and 3” o.d. re- SIXTY CYCLE REPEATERS. For 60 cps opera- 





MODELS FOR peater indicators for most 400 cps, BUORD tion in ground support, shipboard and indus- 
size 8 thru 15 single speed synchro inputs. Wide trial systems. Models to duplicate any of above 
SPECIAL range of speed, torque outputs. Ambients to 400 cps types, with same choice of inputs and 
APPLICATIONS 71°C., to 100°C. special. Models for 2-speed outputs, almost identical operation and specifi- 
input on special order. For full data, write for cations. Comparable miniature size for space 

Servo Requirements Sheet. economy with no sacrifice in performance. 
Miniaturized repeaters for single- and dual- construction permits wide range of custom con- 
MINIATURE speed synchro, millivolt and resistance input. figurations for specific applications. Our engi- 
TRANSISTORIZED Case size from standard 2” O.D. down to neering staff welcomes inquiries regarding 
BUORD size 15. Single- and dual-pointer dis- special configurations and is available for 

REPEATERS plays; counter and encoder outputs where consultation on your requirements. 


NORTH ATLANTIC INDUSTRIES, INC. 


NOVEMBER 1960 


TERMINAL DRIVE, PLAINVIEW, L.I., N.Y. © OVerbrook 1-8600 


compatable with size requirements. Modular 


Write or call for literature or quotations on your requirements 
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PLAIN TYPES 


CHARACTERISTICS 


ANALYSIS RECOMMENDED USE 
For types operating under high 
temperature (800-1200 
degrees F.). 


Stainless Stee! Ball 
and Race 


For types operating under 
high radial ultimate loads 
(3000-893,000 Ibs.). 


For types operating under 
normal loads with minimum 
friction requirements. 


Ball and Race 


Bronze Race and 
Chrome Steel Ball 


For types operating under 
rotational, high radial loads 
and long cycle life 

where lubrication is impossible. 


**Dyfion''® Plastic 
Alloy Inserts. CRES 
Ball and Race. 
Chrome Alloy Steels. 


Chrome Alloy Steel 


a on = 


Thousands in use. Backed by years of service 
life. Wide variety of Plain Types in bore sizes 
3/16” to 6” Dia. Our engineers welcome an 
opportunity of studying individual require- 
ments and prescribing a type or types which 
will serve under your demanding conditions. 
Southwest can design special types to fit indi- 
vidual specifications. Write for Engineering 
Manual No. 551. Address Dept. EMD-60 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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The Art Of Originality 
Working Principles 


This is the third column in Part II of a series on the Art of 
Industrial Inventing. In the introduction to this part, we 
proposed to suggest a number of questions that constitute 
working principles for stimulating originality in engineering. 
Here is working principle II: 


WORKING PRINCIPLE Ii—Mathematical Analysis 


In a problem situation involving an unexplained natural 
phenomenon, is there some explainable related phenome. 
non or established theory that will lead to the hidden 
mechanism through mathematical analysis? Such analysis 
often points directly to a significant invention. One im- 
portant invention—atomic hydrogen welding—offers an 
excellent illustration of this approach. A friend of the in 
ventor (see Bichowsky, F. R., Industrial Research, Chem. 
ical Publishing Co., New York, 1942, pp. 42-44) reports 
that the invention of atomic hydrogen welding came 
about in this way: 

“. . . In connection with his investigation of the blacken- 
ing of tungsten lamps, Langmuir was _ systematically 
studying the effect of small quantities of different gases 
in the lamp bulb . . . among the gases studied was hy- 
drogen. Hydrogen, when introduced in traces in a lamp, 
behaved peculiarly. Other gases such as nitrogen and 
argon would conduct heat from the filaments to the walls 
of the lamp in quite regular manner, according to theory. 
Hydrogen carried heat from the filament, but at high 
temperatures it carried much more than was expected 
At the same time a definite amount of hydrogen disap 
peared from the bulb and was absorbed on the glas 
walls. This suggested to Langmuir that something wa 
happening to the hydrogen at the high lamp temper 
tures; something that absorbed lots of heat and changed 
the hydrogen so that it would stick on the cold walls 
of the bulb. 

“He then remembered that R. W. Wood at Johns Hop 
kins had found that, under certain conditions, hydrogel 
dissociated, and formed a new gas, monatomic hydrogel. 
Like most chemical processes of dissociation, this proc 
absorbed heat which accounted for the large heat los 
of the lamp filament when heated in hydrogen. . . . % 
purely to check his hunch, Dr. Langmuir calculated 
from his experiments the heat of dissociation of hydrogel 
and found it to be about 90,000 calories . . .” Such# 
tremendous heat source was a valuable idea element 
use in the synthesis of some new industrial inventioh 
It was not long before this synthesis took place. For . + 
“Dr. Langmuir had learned, in laboratory conferences 
by his own experiences, that there was difficulty in brat 
ing tungsten with pure copper. It occurred to him 
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ff hydrogen could dissociate in the electric discharge as 
Wood had found, and if it could dissociate by heat as 
he himself had found, it ought to dissociate in a welding 
ge. Then outside the arc it would recombine, giving 
off this enormous quantity of heat which could be used 
for welding metals in the absence of oxygen. Thus was 
hom the method of atomic hydrogen welding.” 


In electronics, this working principle — mathematical 
malysis of a phenomenon to discover its hidden mechanism 
-has been a particularly fruitful approach to invention. A 

illustration is afforded by a major breakthrough 
in this field—invention of the “cold cathode” making pos- 
sible the long sought “filamentless” type of electron tube. 

Several years ago a number of researchers had noted 
that the well known “multiplication” of an electron 
stream by secondary emission when the electron stream 
hit a metal target was phenomenally higher when the 
target was a thin dielectric film. 

Army Signal Corps researchers investigating this phe- 
nomenon “. . . found that secondary emision ratios as 
high as 10,000 to 1 could be attained utilizing field de- 
pendent secondary emission from magnesium oxide. Early 
tests showed the mechanism causing the high gains to 
be fundamentally different from the more standard sec- 
ondary emission phenomena.” (See H. Jacobs, J. Freely 
and F. A. Brand, “The Mechanism of Field Dependent 
Secondary Emission.” Physical Review, vol. 88, pp. 492; 
November, 1952). 

The Signal Corps researchers exploring this phe- 
nomenon were led to believe, from their experiments, 
that this phenomenal increase of secondary multiplica- 
tim was due to an internal avalanche discharge within 
the dielectric film similar to the avalanche discharge phe- 
nomenon (Townsend avalanche) common in ionized gases. 

Using the mathematical technique that had proved ef- 
fective for analysis of the avalanche phenomenon in gases, 
these researchers were able to establish that the mecha- 
tism of this phenomenally high secondary multiplication 
produced by thin dielectric film is as follows: 

“... As the surface of the dielectric film was bombard- 
ed with primary electrons, the high resistivity of the ma- 
terial in combination with the secondary emission current 
caused the surface to charge to the potential of the col- 
Ketor grid, producing a high field within the dielectric. 
Hectrons released within the material could then gain 
mough energy to liberate additional electrons, and an 
walanche type process resulted.” 

By further extending this analysis (See D. Dobischek, 
Hi. Jacobs and J. Freely, “The mechanism of self-sustained 

m emission from magnesium oxide. Physical Review, 

Wl 91, pp. 804-812; Aug. 1953) they were able to dis- 
tver that this exceptionally high secondary multiplica- 
tim could be turned into a self-sustaining discharge, 
md that such a discharge is due to the peculiar crystal- 
formation of MgO (magnesium oxide) when in a par- 
porous form produced by a special process they 
developed. Here then were the idea elements needed 
for a cold cathode readily at hand—the material (MgO) 
Which could produce a plentiful supply of electrons, the 

Mocess for making this material, and the mechanism for 
miking the electron discharge from the cathode continu- 
ous and self sustained. Having the necessary idea ele- 
ments for a filamentless type of electron tube automatically 
Wiggested the invention of such a tube. This inventive 
Mocess is very well described by the inventors in their 

“The Magnesium Oxide Cold Cathode and Its 
Mcation in Vacuum Tubes” in the Institute of Radio 
ts Proceedings for October 1959, pages 1704 to 
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This Pressure Switch 

Resists 7000 p.s.i. Surges 
and Stays Accurate within 2% 













Adjustable Range: 15 to 3000 P.S.I. ADJUSTABLE 
Proof Pressures: 3000 and 7000 P.S.I. PRESSURE 
SETTING 


EXTERNAL 
DIAL 
SHOWS 
SETTING 


LEAKPROOF 
SEALED 
PISTON 
*WITH CALIBRATED DIAL 
(can be set visually 
without gauges). 
WITHOUT DIAL $16.50 SURGE 
Both prices less the usual DAMPER 


quantity and trade discounts. 








WE BUILD IN WE DON'T USE 
RUGGEDNESS 
war Bis —— 

(High proof pressures 
CONTINUOUS OPERATION tae é 


(Millions of cycles) WHICH WEAR QUICKLY 








NO STICKING : (cause settings to drift 
(in dirty fluid) and switch to fail). 

LABOR & MATERIAL SAVINGS 

NO RETURN DRAIN PIPING UNSEALED 
(Sealed piston) PISTONS 


WHICH ADD TO YOUR 
INSTALLATION COST 
(return piping). 

ARE CRITICAL TO DIRT 
(pistons get stuck). 


MOUNTS WHERE CONVENIENT 
(Operates in any position, 
not sensitive to vibration) 








Send for FREE 
catalog 9-PS. & 
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ATCHLEY. 
JET-PIPE 


BREAKS 





‘ 


CONTAMINATION 


BARRIER 


Unique Servovalve Design 
Provides Answer to Fluid, 
Gas Contamination Problems 


The Jet Pipe Servovalve developed by Raymond Atchley, 
Inc., has broken through technological barriers to achieve 
a new high in automatic control system reliability by virtu- 
ally eliminating contamination as a factor in reliability and 
performance. 

In five separate and independent tests at unprecedented 
levels of contamination—25 times greater than previously 
feasible—the Atchley Jet Pipe Servovalve demonstrated 
ability to perform continuously with complete reliability. 

This greater capability assures positive automatic control 
in all airborne or ground electrohydraulic systems without 
painstaking and costly contamination control measures. 

Key to this new peak of performance is unique Jet Pipe 
construction permitting passage of particles as large as 200 
microns through both first and second stages without mal- 
function. Single oil source in first stage eliminates possi- 
bility of hard-over signals due to contamination. Second 
stage is precision-controlled by push-pull, frictionless, force 
feedback servo. 

Results of the rigorous tests affirmed that the Atchley 
Jet Pipe Servovalve effectively removes the contamination 
as a factor in reliability. It’s another achievement confirm- 
ing Atchley leadership in the field. For complete informa- 
tion, write for bulletin on Atchley’s Jet Pipe Servovalve. 










PAT. NOS. 2,884,906 
2,884,907 








AVAILABLE IN FLOWS. ONE TO 250 GPM... 
MINIATURE SERVOVALVES, FLOWS UP TO ONE GPM. 


SERVO SYSTEMS 

SERVO AMPLIFIERS 

SERVO ACTUATORS 

TORQUE MOTORS 
ELECTRONIC POWER SUPPLIES 


Raymond fltchley, Inc. 


AUTOMATION SYSTEMS 
SUBSIDIARY OF AMERICAN BRAKE SHOE COMPANY 
2339 COTNER AVENUE, LOS ANGELES 64, CALIFORNIA 





CIRCLE NO. 48 ON INQUIRY CARD 









































Hyc 


Ni otwiths 
clumsiness 
everpresent 
hydraulic c 
driving hee 
than almost 
excepting c 
In its most 
hundred we 
the princip] 
the electror 
lacks the sr 
hydraulic 
purposes, th 
tive to the 
where a he 
pethaps ten 
done with a 
The supe 
the electric 
damental fa 
a function o! 
put of an e 
the saturatio 
which in tu 
might be de 
are restrictec 
200-300 psi. 
systems oper 
uncommon, 
wen the al 
conservative. 
For install 





ees 


ELECTROMECHANICAL DESI} MOVEMBER 156, 





|Hydraulic Servo Valves 
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Notwithstanding its comparative 
cumsiness and inflexibility, and the 
everpresent problem of leakage, the 
hydraulic control system is capable of 
driving heavier loads at faster speeds 
than almost any other type of control 
excepting direct mechanical coupling. 
In its most popular size range (a few 
hundred watts to several horsepower) 
the principle competition seems to be 
the electromechanical clutch, but this 
lacks the smoothness of control of the 
hydraulic system. For all-: practical 
purposes, there is generally, no alterna- 
tive to the hydraulic control system 
where a heavy load must be moved 
perhaps ten times as fast as:might be 
done with an electric motor. ~ 

The superiority of the hydraulic to 
the electric system is based upon fun- 
damental factors and is not essentially 
afunction of specific designs.: The out- 
put of an electric motor is limited by 
the saturation flux density of .the iron, 
which in turn limits the torque that 
might be developed. Magnetic forces 
ae restricted by saturation to perhaps 
200-300 psi. By comparison, hydraulic 
systems operating at 5000 pgi are not 
tneommon. For a variety af reasons 
wen the above force comparison is 
conservative. ; 

For installations with several inde- 


pendently controlled hydraulic actua- 
tors, the most economical and compact 
system uses one large pump as a con- 
stant pressure source to drive several 
individual _valve-controlled motors. 
Valve-controlled systems are generally 
preferred for fast-acting hydraulic ser- 
vomechanisms. The valve acts as a 
controlled constriction in the hydrau- 
lic lines between pump and motor. 
When the valve is in the closed posi- 
tion there is only a small leakage flow. 

In this Components Digest, we con- 
sider the selection and application of 
the most common types of hydraulic 
servo valves. An extensive discussion 
of specific commercially available types 
is included to provide the reader with 
a broad view of what is available, and 
to emphasize the factors to consider in 
making an optimum selection. Figs 1 
and 2 are diagrams of the valve con- 
trolled hydraulic servomechanism in 
schematic form, and in specific form 
illustrating typical performance char- 
acteristics. Table I lists advantages 
and disadvantages and typical applica- 
tions of valve controlled systems; 
Table II lists the common form of 
transfer function for the valves con- 
sidered; Table III is a brief classifica- 
tion of the most common valve types; 
and Table IV defines the more impor- 


COMPONENTS 


DIGEST 






















tant terms used in their description. 
The variety of common valve configu- 
rations is very great, as illustrated in 
Figs 3 through 11. Captions with 
these figures describe how each type 
works and discuss specific advan- 
tages of each. By far the most ver- 
satile and commonly employed type 
is the 4-way valve. This valve re- 
quires four hydraulic lines, two for the 
supply and two for the load. In most 
respects, this is the best valve type. 
Its major disadvantage is that machin- 
ing dimensions on the spool and sleeve 
are critical. Because it is most versatile, 
easiest to apply, and provides excellent 
performance, the four-way valve is 
almost always used in high perform- 
ance control systems. 

The figures and tables presented are 
intended to give the reader an under- 
standing of important servovalve per- 
formance factors. Table V summariz- 
ing major valve selection factors will 
serve as a handy check-list, 


VALVE SELECTION 


This section is an extremely useful 
monograph developed by Raymond 
Atchley, Inc., for use in selecting a 
servovalve to match a load. Their title is 
“... Determining Optimum Servovalve 
for each Hydraulic Servosystem.” @ @ @ 
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Fig 1 Two schematic representations of a valve-controlled hydraulic 
servo-mechanism. A feedback loop is required to complete the system. 










































































































COMPONENTS & 
a DIGEST 








Potentiometer 
Tape Control 
Tracer Control 
Programmer 


Function 
Generator 





TORQUE - IN 


200 


1 


wo ene 


SPEED CHANGE RPM 


we & & & smo 





Fig 2a 
draulic servomechanism. Typical performance characteristics of this type servo by Pegasus 
are shown in Figs 2b, 2c, and 2d. This particular servo is capable of delivering up to 3.2 
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Fig 2b Typical servo valve 
torque.—speed curves. 
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Schematic diagram illustrating the general configuration of a valve-controlled hy- 





























Fig 2d Typical servo valve 
recovery 


Fig 2c 


01 02 03 


TIME -SECONDS 


characteristics. 


04 


Typical servo valve speed 


regulation and accuracy curves. 
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The problem of properly matching a 
servovalve and actuator to its load is 
very important. If the servovalve is too 
small, the system may become velocity 
limited during its duty cycle and have 
poor dynamic response. When the sys- 
tem operates under this condition, a 
large portion of the pressure drop oc- 
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curs across the servovalve instead of 
across the actuator connected to the 
load, and little useful work is done. 
The power expended in the servovalve 


heats the oil excessively, which is un- 


desirable and inefficient. If the actuator 
is too small for its load, the system may 
be force limited during its duty cycle. 


Somewhere 


between 





these extrem 
exists the optimum relationship be 
tween the servovalve, the actuator, 
the load. 
It can be shown mathematically tit 
for any valve configuration operalilf 
at any supply pressure, 
power the valve can deliver to 
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gecurs when the load differential pres- 
sure equals two-thirds of the supply 
ressure. Neglecting losses, the re- 
maining one-third of the system pres- 
sure drop occurs across the servovalve. 

The efficiency of the hvdraulic sys- 
ten may be improved by using a 
gmewhat larger servovalve than indi- 
cated by the maximum power to the 
load theory. The improved system effi- 
ciency is achieved by increasing servo- 
valve size, weight, and, probably, cost. 
Also there will be an increase in all the 

em factors that contribute to system 
drift because the valve will never work 
at its full capacity. Most systems have 
a combination of load requirements, 
such as several force conditions super- 
imposed upon a velocity condition. For- 
tunately, these may be analyzed by the 
superposition principle. If the servo- 
yalve can supply sufficient power to the 
load for the most adverse combination 
of load requirements, then the lesser 
system requirements will also be satis- 
fied and the design will be satisfactory. 
The following procedure is offered to 
help engineers determine the optimum 
servovalve for each hydraulic servosys- 
tem. 

Three load conditions are analyzed: 
the first at the point of maximum load 
force, the second at maximum velocity, 
and the third at maximum _ power 
(maximum product of force times ve- 
locity). Three corresponding points are 
plotted on a nomograph which indi- 
cates the correct servovalve for each 
of these load conditions. The optimum 
valve for the system will be the largest 
one indicated. 

To proceed, plot the total system 
force (dynamic plus other forces) and 
coresponding velocity as a function of 
time for the complete load duty cycle. 

Most load forces and velocities are 
tasily determined. However, when the 
lad is driven at high frequencies and/ 
om the load has high inertia, the dy- 
tamic forces become appreciable. 
Therefore, these forces need to be de- 
femined and plotted. Assuming a pure 
nertia load driven sinusoidally: 


The dynamic force at any time is given 


Fy = Mw? a sin wt 
where F,, = dynamic force, pounds 
M = mass, 1 lb sec?/in. 
a4=amplitude, inches (+ _ the 
maximum load displacement 
from mid-position) 
®=angular velocity, radians/sec 
(nf) 
_ (f= frequency, cps) 
= ag wt = displacement, inches 
Tis function reaches a maximum 
ot = x/2(+90° from mid-posi- 
tion). The dynamic velocity is given by 
d= awcoswt 


function reaches a maximum 
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HOLTZER-CABOT 


offers these 
CUSTOM FEATURES 
ina new stock motor 



































High torque-to-inertia ratio 

Torque to meet your needs 

Several output speeds to choose from 

Control winding impedance of 5400 ohms locked rotor 
New motor end cap design for easier mounting, 

better heat dissipation 


The RBC-2407 is available as a basic motor or with four stock 
gear ratios to meet your application requirements. All gear motors 
are electrically and mechanically interchangeable. Send coupon 
for free. bulletin covering complete details, including physical 
dimensions and electrical specifications of this Model RBC-2407 
instrument motor. 


HOLTZER-CABOT MOTOR DIVISION - NATIONAL PNEUMATIC c0., INC. 


Sales-Service Representatives in Principal Cities throughout the World 


Designers and manufacturers of electric and electronic 
mechanical, pneumatic, hydraulic, equipment and systems 


HOLTZER-CABOT MOTOR DIVISION, Department EM 
National Pneumatic Co., Inc., 125 Amory St., Boston, Mass. 


Please send: ["] Complete details of Model RBC-2407 Servo Motors 
(] Information on other H-C Instrumentation Motors 
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nylon clamp 










CHECK THESE FEATURES: 


* Exclusive “wiping” action prevents 
pinching... 


Lightweight ... Long life impervious to 
fuel oils .. . Temperature Resistance... 
Rust Proof, Corrosion Proof, Fracture 
Proof ...one piece construction... 
Easy Size Identification . .. every part 
plainly marked... 


Full line... sizes from 4%" to 14%4"" 
(1/16” increments) . . . Flexibility in 
mounting can be used for “‘in line,”’ 
flush base or butterfly... 


Maximum Cushion: All nylon 
construction absorbs vibration, 
eliminates abrasion, gives complete 
insulation. 


Yet Clamp-Tites are priced competitively 
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For more information 
call collect, wire, 
or write: 


OLYMPIC 
PLASTICS 


3471 South La Cienega Boulevard 
Los Angeles 16, California ¢ UPton 0-1121 









Supplier of Plastic Parts to Industry 
for Over a Quarter Century 
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The following load conditions and supply pressure are plotted as an example The 
Q —2 GPM 
P, = 3000 psi ' 
; *Rated flow at 1000 psi drop across the vit 
P,, = 2200 psi : 
NOMOGRAPH |! 
where Amin. = min. actuator area, in? : “where 
wt = x= (0° or 180°, at mid-posi- max, = max. load force, pounds 3 
tion). P, = supply pressure, psi With the ass 


In order to use the nomograph, the 
supply pressure (Ps), the load differen- 
tial pressure (P;,), and the load flow 
(Q) must be known for each of the 
three load conditions outlined above. 

From the force plot, determine the 
maximum load force. Assume a supply 
pressure and assume further that the 
differential pressure across the load ac- 
tuator is equal to supply pressure; then 
calculate the minimum actuator area 
from the following equation: 

Amin. = Finax./Pg 
where 









In order that the valve may prop y 
control the load under maximum 1 
conditions, assume an actuator area 
larger than the minimum area @ 
lated above. : 

Calculate P;, for the load condi 
of maximum force: 


Py — Piney. /A 






















From the velocity plot, dete gai Seon 
the velocity which corresponds tO ine the tm, 
load condition of maximum force # Mid conditi, 
calculate Q: er), 


Q = 0.26 VpA 
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The following load conditions and supply pressure are plotted as an example 


Q =8 GPM 
oss the wt Ps = 3000 psi 


1000 
SUPPLY PRESSURE PS.I. 


NOMOGRAPH II 


me (O) 


*Rated flow at 1000 psi drop across the valve. 











a, in? “Bwhere Q = flow, GPM 

pounds | Yp= velocity, in./sec 

1B ith the assumed Pg and the calculat- 
y PO i and Q for the load condition of 
imum a mum force, plot this point on the 
or area Og) aph. 

area © Determine the point of maximum 
tity and its corresponding force. 
late P,; and Q for the load condi- 
of maximum velocity. With the 
med P,, plot this point on the 
ograph. 

fain, from the velocity plot, deter- 
the maximum product of these 











d cond 








the nomograph. The optimum valve 
for the system will be the largest one 
indicated. 

If the servovalve indicated does not 
yield a reasonable system efficiency, es- 
pecially at the condition of maximum 
power to the load, assume a larger 
valve and/or supply pressure and re- 
peat the procedure outlined above. 

If the system consists of a pure iner- 
tia load only, it is not necessary to plot 
the dynamic load force and velocity. 
Also, the correct actuator area can be 
calculated to match this unique load. 
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conditions (point of maximum It can be shown that the maximum 
Wer). Calculate P,, and Q for this power required to drive a pure inertia 
condition, and plot this point on load sinusoidally occurs when wt = 7/4 
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MOSINEE MAKES MAGICwiTH PAPER 





For quality laminates... 
Mosinee Saturating and Impregnating Papers 


@ These Mosinee papers give you precision control over 
quantity and rate of resin absorption. 


© Mosinee saturating papers are made to your specifications, 

© You'll get the exact penetration rate, degree of saturation, 
and resin pickup you desire. 

e Apparent density as refiected by basis weight and caliper 
will be precisely as you have ordered. 

® Quality will be uniform from foll to roll... from carload 

to carload ... as long as you order. 











MOSINEE 


PAPER MILLS COMPANY 
Mosinee, Wisconsin Write dept. EMD—11 
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will this solve 
your motor problem? 


Carter ‘Classic’ f.h.p. GEARMOTOR 
10 single and double reduction models, 
10 to 750 r.p.m., 1 to 4 Ib. in. torque. 
Universal, shunt or series motors 12 v. 

to 220 v. input. Size 6 x 34; x 398” 


Governor available. Prompt delivery. 
Liberal O. E. M. discounts. 





Write for 
Prices and 
pecifications 









r 8-7701 
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not just SMALL 
this is | THE SMALLEST | 























new millimite si 


INERTIA 
SWITCH 





ACTUAL 


* only %4” long x 44" MILLIMITE 
diameter SPECIFICATIONS: 
* weighs less than 1/5th of o 1: SPST, unidl ' 
eneral: , Unidirectional, \ 
an ounce! nelle tne be: 
Light, tiny and simple, the new a pe yt aay 
MILLIMITE has no springs, no bear- Accuracy: + 10% (closer tolerances 
ings to wear or vary with time on request) 
High yore accuracy. Meets Damping: Vadumped 
, - . : A i 
MIL-E-5272 environmental spec. ee ae when 
Electrical Rating: 1 amp @ 28V DC 
Used for: Terminals: 1 pos. and 1 case ground 


¢ Centrifugal and straight-line | Temperature Range: —65° to 
acceleration applications 50° F 

¢ Shock and Vibration indica- : 
tion (circuit control) 

e Initiating fuzes 














Write, wire, phone for descriptive | 
brochure EMD-11-60. 


INERTIA SWITCH Inc. 
css 311 West 43rd St., New York 36 © JUdson 6-5880 
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push-pull 
= CONTROLS 


Compression & Tension Type 


Aircraft cable is strung with spherical steel 
shells in a rigid or flexible housing sealed 
» with “O” rings. 3” standard bend radius. 
/) %” minimum bend radius. 


Three Types: 


1. Light Duty—Compression Ult. Load 1250 
Ibs.; Ult. tension 960 Ibs. 
2. Heavy Duty—Compression Ult. Load 1650 
Ibs.; Ult. tension 960 Ibs. 


3. Extra Heavy Duty— Compression Ult. Load 
3050 Ibs.; Ult. tension 3900 Ibs. 





Positive remote controls for actuating mechanical, hy- 
draulic or other devices. Eliminate bell cranks, pulleys 
and dual cables. U. S$. Patent No. 2441719. All 
world rights reserved. Send for ENGINEERING MANUAL 
No. 1551 giving complete specifications covering materi- 
als, finishes, capacities. Please address Dept. EMD-PP-60. 





SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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(+45° from mid-position). Using the 

equation for Fp, dynamic force, and 
Y substituting, we have 

Fp = Mao2/1.4 
Using the equation for Vp, dynamic 
yelocity, and substituting, we have 

Vp = aw/1.4 

Next choose a suitable P,/Ps ratio 

(abscissa of the nomograph). If it is 
desired to determine the smallest servo- 
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Fig 3 Amplifier with position feed- 
back by means of linkage. The valve 
selting is controlled by positioning the 
mechanical: input linkage. Correspond- 
ing to each valve setting there is a pro- 
portional piston velocity. By means of 
the feedback linkage, the piston moves 
until the valve input X is restored to a 
null position. The output (Y) to input 
(Z) may be approximately described by 
asimple transfer function exhibiting a 
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Fig 4 Amplifier with feedback by 
means of force-balance system. Im- 
Proved dynamic characteristics may be 
stlared by means of the feedback 
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Fig 5 Four-way spool-valve amplifier 
with open center. This is the common- 
est type of control valve currently in 
use in hydraulic servomechanisms. 


should be 0.67, The final point that 
determines the size of the required 
valve will lie on this vertical line on 
the nomograph. 

Assume a system pressure and cal- 
culate the actuator area, A, from the 
following equation: 

A = Fp/P,, = Fp/0.67Pg 

Obtain the value of Q by substitut- 
ing A in the following equation: 

Q = 0.26 VpA 

Using the vertical scales on the left 
of the nomograph, and the values of Ps; 
and Q, determine the point on the se- 
lected P,/Pg ratio line that indicates 
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Fig 6 Nozzle-baffle amplifier with bal- 
anced load. This type valve is easy to 
make, is adaptable to low power levels, 
and is almost immune to damage by 
dirt if the particles are not too large. 
On the other hand, leakage is appre- 
ciable. 





TABLE | 


HYDRAULIC VALVE CONTROL 


Comparative Advantages and 
Disadvantages 





ADVANTAGES 


1. High power-carrying capacity, capable 
of producing many times larger torques 
than electrical systems of equivalent size 
and weight. 

2. Durable under rugged use. 

3. Easily adapted for electrical control. 

4. High intermittent capacity using ac- 
cumulators. 

5. Fast response, small time-constant. 


6. Capable of extremely high accelera- 
tions, output sh-ft stiffness. 


7. Efficiency comparable to electrical 


motors. 


8. Compact pressure-balanced two-stage 
valves available permitting precise con- 
trol to hundreds of horsepower from 
very low level electrical signals. 


9. High peak to rated horsepower ratio. 
DISADVANTAGES 


10. Oil lines clumsier and less flexible 
than electrical lines. 


11. Oil leak-ge is objectionable. 
12. Dirt may be extremely troublesome. 
13. Oil characteristics vary appreciably. 


14. Hydraulic systems are comparatively 
exp “nsive. 











the optimum valve size. 

Neglecting system losses, the maxi- 
mum dynamic power required to drive 
a pure inertia load sinusoidally is given 
by 

HPinax. = Ma*w?/13,200 


This point occurs where wt = 7/4 
(+45° from mid-position). 
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Fig 7 Sliding-plate valve amplifier. 
This type is relatively easy to manu- 
facture and maintain, and is more read- 
ily force-compensated than the spool 
valve. 
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Fig 10 Three-way spool valve ampli- 
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TABLE Ili 


Dynamic Characteristics of 
Servo Valve in Which Control 
Current Varies Fluid Flow 





STEADY STATE CHARACTERISTICS: 


The steady state equation relating input cur- 
rent (i) to output (q) with the load pressure 
(Px) is given by 
q = Ki (P, — Px)’, 
where P, is the supply pressure and K is a 
constant. The equation for available power 
is found by multiplying the equation for 
flow by Px. Then differentiating the equa- 
tion for power and maximizing gives 
m= ?/sP.. 
Therefore, with a const=nt input current, the 
maximum power available occurs when the 
load pressure is two-thirds of the supply 
pressure. 


DYNAMIC CHARACTERISTICS: 


The transfer function for operation of the 
transducer at low frequencies can be ap- 
proximated as a first order lag. The trans- 
fer function is q/i(s) = Kv/(rs +-1) 
Where: 

Kv = Static gain (GPM/ma) 

s == Laplace operator 

T = Time constant (sec.) 
Kv will vary with load as shown by the 
steady state equation for flow. The time 
constant (r) is approximated by the fre- 
quency at which 45 degrees phase lag oc- 
curs, 

For operation of the transducer at high 
frequencies, an approximation of its transfer 
function is 

. Kv 
ie = ——— 
q/i(s) 3 2t 
——+--s4+1 
wn* WN 
Where: 
wx == Natural frequency (radians/second) 
¢ = Apparent damping ratio 
wy is determined by the frequency at which 
90 degrees phase lag occurs. { is determined 
by the response amplitude at wn. 
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Fig 8 Amplifier with position feed-back by means of moving valve sleeve, 
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TABLE Ill 


Types of Servo Valves 





Valve Elements 





PISTON 
MOTION 
=e 


SLEEVE 
\FLow 


(a) SLIDING ELEMENT 


In the sliding flow-restricting element, the fluid 
flows between a pair of sharp enges, and the 
width of the opening can be varied from some 
maximum down to zero, Used in the gate vale 
or common plug cock. 





POPPET {worion 


SEAT 
Nag LOW 


(b) SEATING ELEMENT 


The seating element used for restricting flow 
pinches the stream between a pair of opposing 


blunt edges. It is fairly immune to dirt and ger” 


erally has negligible leakage. On n2gative side 


it is difficult to balance against static presswe | 


differences and is decidedly nonlinear for 
openings. 











MOTION { 





\ 


f 


(c) FLOW-DIVIDING ELEMENT 
{(ASKANIA JET PIPE) 


(This table is derived from Fluid Power Control, Chap. 9, Blackburn et cf, 
Technology Press and John Wiley and Sons) 






The flow dividing element chang 
the ratio in which flow is 
between two or more paths. 
comparatively inefficient but is # 
ful in low-power applications 
major advantage is its immunity # 
small dirt particles. 
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RESTRICTION 
prRessuRE ——P 
SUPPLY SKIS IK - a 
4 = Xx, SUPPLY 
) 
% FROM | 
Bx PRESSURE 4 
BK a SUPPLY 
3 = 
O 
p< = sca s 
oom TO -— 
#9*5%%% sume <2 INPUT 
a %n%a%.%., IO ROO SS KIS < 
——— 
maceeghiy ouTPuT 
AREAA, —— > 
output 
= 
€ 
JACK 
O °, . L__ 
x) SORISIONG _ — a AREA A, eda NN 
‘ SOR No OS a 
UT : ; % % Fig 11 Four-way spool] valve ampli- 
Fig 9 Single nozzle-baffle amplifier. When the nozzle is closed Ser. 
by positioning the flapper, full supply pressure is available across 
surface A;, diminished by the pressure drop in the line restric- 
tion. Essentially the net force corresponds to supply pressure 
times one half A;. With the nozzle open, the pressure on A; 
A drops nearly to zero, with a net force in the opposite direction 
| of pressure times (Ao = ™%Aj). 
Valves Valves are assemblies of one or more basic flow restricting elements. Flow restricting elements 
nearly all belong to one of three main class~s; sliding, seating, and flow-dividing elements 
Valve Constructions 
Commonest construction in  hy- 
, the fluid draulic power practice. Easy to 
s, and the obtain static pressure balance. 
from some Must be very accurately made to 
gate valve hold leakage down to an cccept- 
able value. High cost due to pre- i 
cision machining, but excellent as eas } 
performance obtainable. pet etc a 
(a) SPOOL VALVE tit oes (0) it 
———e (c) FLAPPER & NOZZLE VALVE 
Much used as a pilot valve in industrial 
control instruments. Two important types 
icting flow shown in the figure are the sharp edged 
Ff opposing flapper valve, and the less predictable flat- 
rt and get faced nozzle. These types are useful at low 
gative side power levels and are almost immune to dirt. 
ic en | OL SUPPLY 
ir for PIVOT 
| 
— | DEFLECTOR 
| 
JET PIPE | ae 
INPUT 
ent change 'H SIGNAL 
1 is divided RECEIVING HOLES 
This 
) bet DISTRIBUTOR 
fications. A BLOCK 
immunity © 
(b) PLATE VALVE LOAD 
Much easier to achieve required precision (d) JET-PIPE VALVE 
than with spool valve. Easily modified, re- Mostly used at low pressures, inexpensive, 
4, paired, or maintained. Many varieties are beh vior is difficult to predict, and much 
possible. May be easily and completely design is empirical. However this is a useful 
force-compensated. device for low power applications. 




















TABLE IV Definitions of Important Terms Related to Hydraulic Servo Valves 








FOUR-WAY VALVE 

A valve which has a supply, return and two 
cylinder ports arranged so that when the 
main spool is activated it simultaneously 
opens cne cylinder port to supply cnd the 
second to return. Likewise, rev:rse action is 
obtained if the main spool is moved in the 
opposite direction. 


THREE-WAY VALVE 

A valve which has a supply, return and one 
cylinder port arranged so that when the 
main spool is activated in one direction it 
opens the cylinder port to supply and when 
activated in the other direction it opens it 
to return. 


ELECTRICAL NULL 

The operating point where the differential 
current is equal to zero after the hysteresis 
has been removed from the valve by cycling. 


HYDRAULIC NULL 

The operating point, measured in milli- 
amperes, where the pressures ct the two 
blocked load ports are equal and the load 
flow is zero. (Care must be taken to avoid 
hysteresis affecting this reading). 


CENTERING 

The act of adjusting the valve so that the 
hydraulic null corresponds most closely to 
the electric_| null. (Zero flow for zero sig- 


nal with hysteresis removed.) 


DITHER 

A low amplitude, high frequency signal 
superimposed upon the input control signal 
in order to minimize the effect of coulomb 
friction, hysteresis, deadband and __ thresh- 
old. (Normally 60-400 cycle current with the 
lowest amplitude that gives satisfactory re- 
sults). 


PROOF PRESSURE ° 

The maximum pressure which can be applied 
simultaneously to both the pressure and re- 
turn line with both cylinder ports blocked. 
As a result of this test there will be no 
change in valve performance and no ex- 
ternal leakage. (Normally one and one half 
times rated pressure). 


BURST PRESSURE 

The maximum pressure which can be applied 
to the pressure port with both cylinder ports 
blocked and the return port opened to at- 
mosphere. No external leakage should be 
present and the valve is not expected to 
function after this test. (Normally two and 
one half times rated pressure). 


Performance Terminology 


RATED FLOW 
The flow developed by taking the full supply 
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Flow curves. 


Fig 11-3. Quiescent flow or neutral leakage. 
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pressure drop across the valve metering or}. 
fices with rated current at a specified inle 
fluid temperature, The flow at each end of 
the hysteresis (Fig II-1) plot would normally 
fall within specified tolerances. 


LOAD FLOW 

The flow developed under load for a given 
differential current. Flow developed for any 
load pressure with full-rated current will be 
representative of 8 MA curve shown on Fig. 
11-2. 


QUIESCENT FLOW OR NEUTRAL LEAKAGE 

The internal valve flow from pressure inlet 
to return with zero load flow. Quiescent 
flow will vary with input current and is a 
maximum at valve null (Fig II-3). It is usual. 
ly expressed as less than a certain amount 
for a given fluid at a given inlet temperature, 


LOAD PRESSURE 

The differential pressure across the lo-d 
ports, (Consists of tare load of actuator and 
load to be driven). 


VALVE PRESSURE DROP 

The sum of the pressure drop from supply 
to cylinder one and from cylinder two to 
return, Will vary with load pressure and is 
equal to effective supply pressure (Supply mi- 


INLET FLUID TEMP, 100°F 
FLUID: MIL-H-5606 
SUPPLY PRESSURE 3000 PSI 
RETURN 0 
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Load flow curves. 


SUPPLY PRESSURE 3000 PSI 
RETURN PRESSURE 0 PSI 
FLUID: MIL-H-5606 
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nus return pressure) minus load pressure drop. 


CURRENT 
ies of input differential current at 


which rated flow is obtained. 


RESIS 
Be teres is measured as the width of 


the flow curve taken from rated current in 
one direction to rated current in the oppo- 
site direction and back (Fig Il-1). It can be 
expressed as % of rated current, % of 
fyll differential current or in milliamperes. 


THRESHOLD 


The minimum change in amplitude of the 
differential current necessary to obtzin a 
noticeable change in output flow, after 
flow has been established in a given direc- 
ion, Usually expressed as less than a spe- 
cific amount of current. 


DEADBAND OR THRESHOLD AT NULL 

The value of differential current required to 
reverse the differential load pressures when 
the load ports are blocked with pressure 
gages. It is usually expressed as a maximum 
current value depending upon the applica- 
tion and is a function of the overlap or 
underlap condition of the main spool. 
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Fig 11-4 Pressure gradient characteristic. 


NULL SHIFT 

The value of differential current required to 

return the spool to hydraulic null. (Care 

must be t-ken to avoid hysteresis affecting 

reading), It is a function of the following: 

a. With Temp. — Measured in MA per 100 F 
change 

b. With Supply Pres. — Measured in MA 
between 50% rated supply pressured 
and full supply pressure 

c. With Return Pres. — Measured in MA per 
100 psi change 


GAIN 

Ratio of output over input. For servo valves 
it is defined as the change in flow or pres- 
sure per 1 MA change in differential cur- 
rent. It is usually specified around null, but 
may be specified at any other given point. 


FLOW LINEARITY 

The consistency of valve flow gain through- 
out the full range of current input with 
other operational variables held constant. 
It is usually measured gr-phically by fitting 
into a specified envelope on a plot of valve 
flow versus current input (Fig 11-1). 


FLOW SYMMETRY 

The degree to which the flow characteristic 
with one polarity of signal corresponds to 
the flow characteristics with the reversed po- 


SLOPE - PSI/MA 






























larity of signal. It should fall within the tol- 
erances given for Rated Flow (Fig II-1). 


FREQUENCY RESPONSE 

The frequency response of a valve (ex- 
pressed by amplitude ratio and phase angle) 
defines the dynamic characteristics as a func- 
tion of frequency. It is usually expressed 
graphically on a plot of decib-ls and phase 
angle versus frequency for a given tempera- 
ture (Fig 11-5). 

a. Amplitude Ratio—The relationship of 
output (flow cr pressure) at zero load pres- 
sure drop to input current as the current is 
varied sinusoidally cver a range of fre- 
quencies. It is usually given for a constant 
input signal such as 10%, but may be given 
for a constant output amplitude. 

The amplitude ratio is usually expessed in 
decibels from the following formula: 
output at frequ-ncy f 





db, = 20 logio ae eee 
output at b se frequency 
b. Phase Angle—The time differential in 
electrical degrees (for a given frequency) 
betwe-n the sinusoidal flow output and the 
sinusoidal current input. 


TRANSIENT RESPONSE 

The response of the cutput flow to a step 
input signal of a given magnitude as a func- 
tion of time and usually given by a curve. 


SUPPLY PRESSURE - 3000 PSI 
OIL TEMPERATURE - 100°F 
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Also, the power to the load in a more 
general sense is given by 
HP, = QP, /1714 
The total system hydraulic power is 
given by 
HP, = QP,/1714 
To analyze a system with a hydraulic 
motor, plot the motor torque require- 
ments in inch-pounds and the motor 
shaft speed in radians per second as a 
function of time, and substitute the 
following equations for those shown in 
the preceding text: 
(Fp) Tp = 
where Tp 
{= 
o 


Iw? Osinwt 
dynamic torque 
moment of inertia 
amplitude, radians 
(+ maximum mo- 
tor rotation from 
mid-position ) 
angular displace- 
ment 
(Vy) Wp = bwcoswt 

where W, = dynamic motor ve- 
locity 


Osinwt = 





TABLE V e Valve Selection Factors (Terms defined on Table Ii.) 


wes 


BS 





SIZE— 

Harmonious with system weight and pack- 
aging requirements. 

Hydraulic Connections—Stndard or special 
for integration in system, coupling to hy- 
draulic lines. 


ELECTRICAL CONNECTIONS— 

Plug in or wiring. Available electrical power. 
External Leakage—Is external leakage per- 
missible or not? Generally Izakage cannot 
be tolerated in military hydraulic controls. 


INTERNAL LEAKAGE— 

Means loss of power. Generally highest in 
null position of valve. Minimizing leakage 
means increased dead zone, and design 
compromise is necessary. 


STATIC FLOW CHARACTERISTICS— 

These include flow rating, hysteresis, linea- 
rity (particularly in the vicinity of the 
null), differential current for actuation, 
threshold, etc. 


OTERATING TEMPERATURE— 

Temperature range, relates to mechanical 
expansion characteristics of the valve com- 
ponents, Matching coefficient, simplicity of 
construction, and an optimum selection of 
hydraulic fluid are major factors. 


FILTERS— 
To prevent damage from particles in hy- 


—__— 


draulic fluid, which may lead to 
wear and high friction. Filtering jg ; 
in most high performance S€rvo-valyes, 


DITHER— 
Oscillations _ intentionally introduced Inocaiise of uni 
minimize effects of friction and improve i severe €! 
arity. While wasteful of power, dither ois, requir 
— serene sensitive perfor; a cing whil 
Vv tag 

ery low threshold in low power level ‘a standard 


MINIMUM BURST PRESSURE— 
Relates to Proof Pressures—Safety cf g 
and pressure rating of supply. 
Effect of Supply Pressure Chang 
Supply Pressure Operating Rang 
affecting choice of supply pressure, ~ 


_..Bourns 
wirewounc 
sy offer you 
nded. leads 


AMPLITUDE RATIO, DYNAMIC FREG 
RESPONSE, PHASE SHIFT— 
Response characteristics to be used | 
tem design to check overall perfe 
stability characteristics. Provides “t 
transfer function. 


COIL RESISTANCE, QUIESCENT ¢ 
Coil inductance of the force motor a 
use in design of driving amplifier, 
culation of dynamic characteristics, — 


NULL SHIFT vs TEMPERATURE— 
Comparable to de amplifier drift, ¢ 
utes directly to null accuracy of 

vision may be made for balancing 


shift. Gg 








NEW 3° BLOWERS... «. 


Globe’s new 3” diameter VAX-3 vaneaxial blowers combine the 
ultimate in low weight and small size with high performance 


at high back pressures. 


VAX-3-FC. Designed for 100 cfm. @ 3.5” H,0 back pressure, 
unit operates on 115 or 200 v.a.c., 400 cycle, 3-phase. Variable 
speed high altitude units available. Length is 23%”; weight is 
14 oz. Servo clamp mounting. Designed for MIL specs. 

VAX-3-BD. Designed for 80 cfm. @ 1.2” H,0 back pressure, 
unit operates on 28 v.d.c., but other versions may be wound 
for up to 115 v.d.c. operation. Length is 3%,”; weight is 16 oz. i 


Servo clamp mounting. Designed for MIL specs. 


VAX-3-GN. Same performance as BD version. 115 v.a.c., 60 


cycles. Can operate on d.c. also. 3%,” long. 


Request Bulletin VAX-3 from Globe Industries, Inc., 1784 


Stanley Avenue, Dayton 4, Ohio. 


GLOBE 
INDUSTRIES, 
INC. 


GLOBE 


CIRCLE NO. 60 ON INQUIRY CARD 


horsepower 


”& Bulletin 
*S.-2"" 





"© only 2%” high 
2 e totally enclosed 
* © 1/2000 to 1/500 


BODINE 
_K-2 Motors 


.. for instruments, timing devie 
-_contro/ apparatus and : 
‘i similar applications 


e with or without speed ® 
(spur or helical gearing 
® synchronous or non-sy 


* available from your 
distributor's stock — 


~ FREE | covers Bodine K-2 Motor. 
other stock motors. 


BOUNE 
fractional qo hors 


Wien 


Bodine Electric Co., 2530 West Bradley Place, Chia 


CIRCLE NO. 61 ON INQUIRY CARD 


ELECTROMEC 





jewest, Smallest Bourns Trimpot*® re eee ee 
with the square configuration 


Bourns reliability is in an even smaller package; these design, combined with positive end-stops, eliminates any pos- 
“ yirewound units measure just 4” x 14” x 3”. In addition, _ sibility of damage to internal parts. 
lay offer you a choice of two terminal types—insulated | jke all Trimpot potentiometers, this new model is designed, 


sanded leads or printed circuit pins. built and tested to give you performance you can count on. 
a ause of unique package design, Model 3250 withstands the $$ — — 


Stsevere environmental conditions...meets or exceeds Max. Operating Temperature 
’ requirements. Its 25-turn adjustment permits precise 


Power Rating Resistances 


| 1Watt@70°C  1002to 50K 
ing, while the shaft head size makes possible the use —————— —————————————————————— 


a standard screwdriver. Moreover, Bourns’ exclusive clutch Write for complete data and list of stocking distributors. 


Sp 


ibaa. 


BOURNS 
& 


Manufacturers of Trimpot®, Trimit® and E-Z Trim®. Pioneers in transducers for position, pressure and acceleration. 
CIRCLE NO. 62 ON INQUIRY CARD 
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DIGEST 


(Aun, ) 
where 


Dain, ase Tex/F?, 


Dyin. = motor displacement 
P,, — Tmax. /D 
Q = 0.26 DW 
where 
W = motor velocity 

To analyze a system with a hydraulic 
motor driving a pure inertia load, sub- 
stitute the following equations for those 
shown above: 

Tp = Iw*6/1.4 
W, = 06/1.4 
D = Tp/P, = Tp/0.67Ps; 
Q — 0.26W)D 
HP ax. = Iw*6?/13,200 

HP, and HP, equations may be ap- 
plied without modification to all rotary 
systems. 

In order to keep system losses at a 
reasonably low value, the hydraulic 
lines should be as short as possible and 
the oil velocity should be less than 20 
ft/sec at all times. 

Nomographs I and II relate the var- 
iables in the following equation and 
eleven sizes of servovalves. 

QP,-* = K(1-P,,/Ps) 

The nomographs not only can be 
used to determine the optimum servo- 
valve size for a particular system, but 
they have other uses. For example, 
with a valve size given, any combina- 
tion of Q and P,, for a certain Pg can 
be determined directly. Also, by trial 
and error, with a valve size given, the 
Ps required to fulfill a known load re- 
quirement can be determined. 

The conditions on each nomograph 
were plotted as follows: Referring to 
the vertical scales on the left of the 
nomograph, draw a line from the sup- 
ply pressure (1) through the load flow 
(2). Draw a horizontal line as shown. 
Referring to the horizontal scales, draw 
a line from the supply pressure (3) 
through the load differential pressure 
(4). Draw a vertical line as shown. 
The optimum valve for the load condi- 
tion and supply pressure plotted on 
Nomograph I is the 2.7 GPM size. The 
optimum valve for the conditions of 
Nomograph II is the 10 GPM size. 


COMMERCIAL VALVES 


This section brings together descriptive 
material and performance characteris- 
tics of various commercial valve types. 
Features of individual designs will sug- 
gest what to look for in valve specifica- 
tion. The specifications are given as 
typical of good current designs, and 
may be modified over a wide range of 
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SPECIFICATIONS 

Maximum null shift: 

As a function of temperature: 
4% from —65 F to +275 F 
5% from —65 F to +350 F 
7% from —65 F to +400 F 

As a function of supply pressure: 
2% from 100% to 50% 

As a function of return pressure: 
1.5% from zero to 30% rated 

supply pressure 

As a function of quiescent current: 
0.5% for a 100% change in 
quiescent current 

As a function of acceleration: 
0.125% per g from zero to 100 
a'ong output spool axis. 








Fig 12 Bendix’s new miniature servovalve. 


Hysteresis: 
Nominal: 2% of rated input ¢ 
Maximum: 4% of rated input em 
rent 
Maximum threshold: 
1% of rated input 
Supply Proof Pressure 
= 1.5 x System Pressure 
Return Proof Pressure 
= System Pressure 
Supply Burst Pressure 
= 2.5 x System Pressure 
Return Burst Pressure 
= 1.5 x System Pressure 
Fluid Temperature: —65 F to 
Ambient Temperature: —65 f. 
+800 F. 





parameters to suit particular applica- 
tion requirements. 


BENDIX AVIATION CORP., PACIFIC DIV. 


The Bendix miniature servo valve 
shown in Fig. 12 provides maximum 
flow of 1.0 gpm with 3,000 psi pres- 
sure drop in a miniature package 
weighing only 0.25 pounds, and within 
an envelope of 1.125” x 1.25” x 1.28”. 

It utilizes a jet pipe dry coil first 
stage driven by a permanent magnet 
torque motor. Interstage feedback with 
hydraulic power link is accomplished 
by coupling the first stage jet stream 
directly to the second stage spool. The 
spool itself provides the interconnect- 
ing passages and transfers the hydraulic 
power to the appropriate ends of the 
spool. Stroke of the second stage spool 
and location of the receiver holes is 
such that the full differential pressure 
(80-90% of system pressure) is avail- 


able to drive the spool. This pale 
is generated at approximately a 
full signal, thus providing an él 
high loop gain in the f 

and assuring maximum contall 
resistance in the second stage. 


PEGASUS LABS. INC. 


Pegasus Model 10-E servo vale 
13) consists of a powerful) 
mechanical actuator or force 
zero-lapped four-way valve, 
tionless, symmetrical spool bi 
tem. 
The boost system utilizes a 
hydraulic bridge in which twoa 
formed by the fixed upstreaimt 
and the other two arms 
nozzles at the end of the spo 
nozzle is restricted by the @ 
drive rod. A difference in res 
the two nozzles provides 4 PISaRE 
ferential at the spool drive @3e™ 
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am 7" square, 3/16” high, and 
verful “Wishing 1 gram, the Mode! 50 
force E in standard resist- 





Of 50 ohms to 20K ohms. 
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THE MODEL 60 
1/2” square, 3/16” high, and 
weighing 2 grams, the Model 60 
is available in standard resist- 
ances of 50 ohms to 50K ohms. 


'em...up to 35 Model 50 trimmers in one cubic 
k Adjust em, 25 turns for full electrical travel... 
# Your choice of side or top adjustment, slotted fillister 
= screw, Allen hex socket, or slotted headless screw 
“mounted. Dissipates 1 watt —Model 50 and 2 watts 
bel 60. Dual wiper provides double assurance of 
~~ eontact under all conditions. High resolution, 
0.061% for the 50K ohms model. Resistance 
+5%, temperature range, —55 to +150°C. 


Go Ahead, 
TRIM SQUARE 








Trimmers 
shown actual size 


MS/ZE 
M PERFORMANCE 
M RELIABILITY 


M ECONOMY 


®@ RELIABILITY 
At no extra cost, Spectrol trimmer potentiometers meet 
or exceed all applicable military specifications for alti- 
tude, fungus resistance, salt spray, sand and dust, humid- 
ity, temperature cycling, shock and vibration. Guaranteed 
load life, 1000 hours minimum. 


















®@ ECONOMY 

Prices in 1-9 quantities: Model 50—$7.50 each, Model 
60—$6.50 each. Spectrol trimmers are ready now for 
immediate delivery from your local distributor. For com- 
plete technical information, call your Spectrol represent- 
ative or write Dept. 40. 





ELECTRONICS 
S PECT RO L CORPORATION 
1704 South Del Mar Ave. * San Gabriel, California 28 


ATlantic 7-9761 * CUmberland 3-5141 


1250 Shames Drive + Westbury, Long Island, N. Y. 
EDgewood 3-5850 
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Four Filing Cabinets of Vital Information in 


age (3000 p 
Rating (1 


gpm 
ential Cur 


COMPONENTS DIGEST HANDBOOK: 


1 Constr 
Resistance: 


18 months ago the magazine - ELECTROMECHAN- _ diagrams and exploded views of components anim oaret 


ICAL DESIGN — initiated a series of studies of im- performances. You will find complete Bull Shift vs. ’ 
portant electromechanical components in use today. The _ 
series, titled “Components Digest,” has been a widely 
acclaimed feature of the magazine ever since. 


Descriptions of types, sizes and measuremenls Bay guig: ys. P 

Construction Information ¢ Design Applicati 

Selection Factors © Performance Characters 1% ” 2 o 1 
Now, nine of these exhaustively researched studies Military Specifications 2% at +20 n 

have been collected and published as COMPONENTS Reliability Assessments 3% at +10 n 

DIGEST HANDBOOK No. 1. Nomenclature and Definition Tables. 


The handbook is designed specifically to give the If you were to assemble all of the data from 
busy design engineer a complete survey of each sub- _ the sources involved it would easily fill foul 
ject. To enable him to select and specify the proper cabinets. 


components. The handbook makes a rich sourcebook of 
Each category is thoroughly examined, documented _ information. One that neither you nor your cil 
and extensively illustrated with photos, charts, tables, can afford to be without. THE PRICE — $7.00. mi 





and Mail Today to 
ELECTROMECHANICAL DESIGN 
1357 WASHINGTON STREET. WEST NEWTON 65, MASS. 


Please send me ______ copies of Components Digest Handbook No. 1. if 
| enclose _mDWMM payment at $7.00 per copy. 


ME (please print) 
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sus Model 10-E Servo Valve 
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a SPECIFICATIONS 
43 x 1.68 x 2.50 


PERCENT RATED FLOW 


50 25 


FLOW CURVE 


0 25 


PERCENT RATED DIFFERENTIAL CURRENT 


Fig 14. Pegasus Model 10-E Servo 
Valve flow curve at 3000 psi and Mil- 
5606 oil at 120F. 


: Adjustment screw on valve 


e (3000 psi): 0.15 gpm 
Rating (1000 psi): 0.1 gpm to 


épm 
D \ Temperature: —65 to 275F 
) Construction up to 460F 
jell Resistance: 1200 ohms per coil 
Inductance: 1 henry per coil 
d: 0.2% 
Shift vs. Temperature: 2% per 


Current: + 10 ma to + 


Pressure: 100 to 3000 psi 
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Shift vs. Pressure: 1% per 1000 


1% at +40 ma rated current 
2% at +20 ma rated current 


3% at +10 ma rated current * 


10 20 50 100 150 200 300 

‘a from 

1] four i 
‘Pong the spool to a central position 

piven the two drive rods. 

ok of Mie drive arms are stroked by the 

our comet motor through very high tensile 

stainless steel diaphragms 


FREQUENCY (CYCLES/SECOND) 


Fig. 15. Pegasus Model 10-E Servo 
Valve frequency response at 3000 
psi and Mil-5606 oil 120F. 


$10 feeb stainless 
#'™ serve as pivots as well as high 
‘Paue hydraulic oil barriers, 


The 
Harms are balanced with the 


motor armature to prevent axial 


ion pickup. 


gh spool drive stiffness and com- 


‘Symmetrical design insure fine 
uvity without dither and low null 
‘Over large ranges of operating 
fatre and pressure. 
‘44 and 15 show the flow curve 
acy response of the unit. 


NHYDRAULICS LTD. 


Wes om servo valve shown in Fig. 
major operational compo- 
te motor, hydraulic ampli- 


fier stage and output stage. The torque 
motor, in the input unit of the valve, 
praduces a force at the top of the 
armature linear and in phase with the 
input differential current. The arma- 
ture is rigidly connected to the dia- 
phragm, so that the force at the top of 
the armature will cause the assembly to 
rotate with the pivot point at the cen- 
ter of the diaphragm. Motion of this 
assembly actuates the hydraulic ampli- 
fier and is counterbalanced by the feed- 
back system. 

Two permanent magnets supply the 
de flux which follows two paths 
through the torque motor—one through 
the adjustable top poles and top of the 
armature, the other down through the 
side pole pieces through the bottom of 


the flux restrictors and through the bot- 
tom pole piece. The ac flux, generated 
by the coils, will follow the armature, 
pass from the top of the armature 
through the air gap into one of the top 
poles, down the side pole piece through 
the restrictor to the bottom pole piece, 
and back to the bottom of the armature 
through the annular air gap in the bot- 
top pole piece. The side through which 
the ac flux passes is determined by the 
differential current in the coil, which 
can polarize the armature in either di- 
rection. The difference in the flux in 
the two top air gaps causes the force on 
the armature. 

Oil for the hydraulic amplifier sepa- 
rates from the main flow by entering 
the filter. Both halves of the amplifier 
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tree send for the 
MLLIED 


1961 ELECTRONIC 
SUPPLY CATALOG 


572 PAGES « MOST COMPLETE 
BUY AT FACTORY PRICES 
WORLD'S LARGEST STOCKS. ..SPECIALIZING IN: 


@ Semiconductors 
@ Connectors 


© Special-Purpose Tubes 
@ Test Equipment, Meters 
@ Relays ®@ Resistors, Controls 

® Transformers ® Switches, Timers 

@ Knight-Kit® Instruments in Low-Cost Kit Form 
@ Electronic Parts for Every Industrial Need 


ONE ORDER TO ALLIED FILLS THE WHOLE BILL 
Have the world’s largest stocks of electronic 
equipment at your command. No need to deal 
with hundreds of separate factories—one order 
to us fills the whole bill. You get same day ship- 
ment. You buy at factory prices. Write today for 
the FREE 1961 ALLIED Catalog—your one-source 
electronic supply guide. 


ALLIED RADIO 


100 N. Western Ave., Dept. 129-L 
Chicago 80, lll. 


your dependable 
source for 
everything in 


electronic supply send for 


—ar 1 our 40th year FREE 
ee ae Veelce 
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changes in 
= Inductance, 
=> Electrically 












Using INCREDUCTOR 
Controllable Inductors 


The inductance of a signal winding is electrically 
varied by changing the current through a separate 
control winding—with no moving parts. 


Audio to UHF units are available from stock. 


TYPICAL APPLICATIONS 


@ Automaticcontrolofamplitude, frequency or phase 
@ Compressor circuits @ Modulation 

@ Remote control e@ Resonant circuit tuning 

@ Switching circuits @ Variable Filters 

@ Wide range, sweep frequency generators 

@ Antenna tuning e Transmitter control 


We invite you to write for our periodic 
technical bulletin, INCREDUCTOR NOTES. 







Magnetic Components Department 
TRAK ELECTRONICS COMPANY 
Div. of CGS Laboratories, Inc. 

52 Danbury Road 

Wilton, Connecticut 


aGameitiiiess Phone: POrter 2-5521 
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TRAK 
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RE-CENTERING | 
MAGNETIC CLUTCH 


be R 





a 


Only 5/8" Over All Length 


Features of this clutch include provision of a ca 
potentiometer winding, syncro windings or switches, This i ® of one nozz! 
cilitates marriage of clutching with function to be performed, 
Re-centering spring torque is not applied until clutch ise «| 
engaged. Gperational tcrque is thereby kept to an absdye 
minimum, making the unit ideal for gyroscope pick-off applig ® 
tions. Dual winding coil construction permits 12 or 24 volt 
eration, depending on application. 


Material and processes in the manufacture of parts mee 
Specifications. 


For complete technical data write for Specification Sheet 
1§09-8A. ' position be c 


THE MAGNETEC CORPORATION (t". 


Designers and Manufacturers of Electromechanicdl ® hack a forc 














RMB Filmoseal Bearings 
available in low-cost ABEC-1 | 
as well as ABEC-5 and 7 tolerances. © 


sealed miniature bearings—are now made 
to low-cost ABEC-1 as well as ABEC-5 and 7 tole 
This means designers can use these advanced design 
ings even in those slightly less demanding apple 
where cost is a primary consideration. Designers calmgey 
advantages of such features as: | a 


this new grade. A wide range of sizes is available 
3/16” (0.1875”) to %” (.5000”) OD including many 
sizes. 








Equipment , opp 

7232 Eton Avenue Canoga Park, Califome caus 
Movement of 

CIRCLE NO. 57 ON INQUIRY CARD feedback for 

> pushed back 

tio. The fla 










Don't pay for 
Precision 
you don’t need 


to hold suffi 
across the shi 


back spring. 





Big news in the miniature bearing field! 


RBM’s famous Filmoseal Bearings—the only ~ ARMATUR 


coll 
B DIAPHRAGA 
1. Stainless-steel construction throughout. 
2. Lubricant retention at high temperatures. 
3. Non-contaminating at all times. 


4. Two-piece ball separators for high speeds 
SHUTTLE 





Open radial Conrad-type bearings are also availa’ 


~ 7 ii MS 2 SN 


Write for your copy of the new RMB Miniature 


ings Catalog which gives full details on these 8F : a 
- the entire line of quality RMB Bearings. Ask far™ey 
etin 60. 











LANDIS & GYR, INC 


45 West 45th Street, New York 36, N.Te 
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Cal 


- side of the 


identical. The oil passes into the 

filter and then through 

restrictor orifice where the pressure 

: is 800 to 700 psi, depend- 

ing on the valve adjustment. From the 

: . the oil flows to the end 

of the shuttle and sleeve as- 

' gmbly, then to the nozzle, through the 

oale to the flapper, and out into the 

‘eum chamber. Motion imparted to 

“the flapper armature by the torque mo- 

“jor causes the flapper to close the end 

| qfone nozzle and to increase the open- 

“qe of the other, with a rise in pressure 

the closed side and a drop on the 

side. The result is a pressure 

ential in the two end chambers of 

- thes and sleeve assembly, causing 

® ihe shuttle to move away from the 
pressure. 

Gince it is desirable that the shuttle 

position be controlled by current to the 

motor, the shuttle position is 

i fec to the flapper arm. The feed- 

“hack, a force applied by the feedback 

‘mings, opposes the deflection of the 

| fapper caused by the torque motor. 

+ Movement of the shuttles increases the 

feedback force until the flapper is 


pushed back to nearly the neutral posi- 
ti, The flapper is offset only enough 
to hold sufficient differential pressure 
across the shuttle to compress the feed- 
back spring. This offset is very small 


since 80 psi differential pressure will 
hold the shuttle in the extreme offset 
condition, and the pressure gain of the 
flapper nozzle system is about one mil- 
lion psi per inch of flapper movement. 
The shuttle of the output stage is now 
positioned linearly with input current 
to the torque motor. 

Rectangular metering slots in the 
sleeve cause the open flow area to vary 
linearly with the shuttle position. 
Therefore, at a constant pressure drop, 
the flow will vary linearly with the 
shuttle position. 

High efficiency of the torque motor 
results from using the exact design 
parameters to obtain maximum output 
linear with input. High-permeability, 
high-saturation materials are used in 
the magnetic parts, and the de flux lev- 
el is nearly 10 times the ac flux. The 
coils are bifilar wound to keep induc- 
tance to a minimum. The annular bot- 
tom air gap imparts no subtractive 
force to the armature, and the adjust- 
able top poles afford easy balance. 

The diaphragm seal provides effec- 
tive sealing between the hydraulic and 
electromagnetic portions to permit 
frictionless transmission of the torque 
motor output to the hydraulic section. 
Sealing off the torque motor eliminates 
the possibility that magnetic contami- 
nates may collect in the air gaps of the 


motor and impair its operation. 

Strength of the diaphragm provides 
for maximum return chamber pressure 
of the valve and at the same time for 
correct spring rate for optimum opera- 
tion. Mounting of the diaphragm is 
very rigid, so that variations of the 
pressure on it will not cause rotation 
and bias the operation of the valve. 

The single large 10 micron filter used 
for buth halves of the hydraulic ampli- 
fier assures long service life, low pres- 
sure drop and valve balance. The filter 
may be removed and replaced without 
removing the valve from its mounting 
or altering its adjustment. 

Use of the armature, diaphragm and 
flapper assembly for a summation 
bridge for input and feedback forces 
has several advantages. It assures 
linear valve operation, and by me- 
chanically closing the feedback loop, it 
causes the valve to maintain good am- 
plitude ratio characteristics, even at 
high frequency operation. Placement 
of nozzles in the bottom of the valve 
gives high amplifier gain at reasonable 
nozzle clearances and utilizes optimum 
acceleration damping characteristics of 
pressure feedback. The nozzles and 
sleeve of the valve are retained as close 
to the centerline as possible to elimi- 
nate null shift which otherwise could 
be caused by temperature variations. 
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CYLINDER 1 


Fig 1 Schematic of servo valve by Weston Hydraulics Ltd. 
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RESTRICTOR 


FEEDBACK 
SPRING 


CYLINDER 2. 
NOZZLE 


SPECIFICATIONS 
Flow: 0.15 to 8 gpm 
Weight: 0.85 pounds 
Quiescent Flow: 0.22 gpm nominal 
System Pressure: 3000 psi normal 
Current: +8 ma for full flow 
Quiescent Current: 0 to 15 ma 
Coil Resistance: 1000 +50 
standard 
Flow Linearity: +10% of nominal 
gain 
Hysteresis: 0.3 ma maximum for 
+8 ma excursion 
+0.01 milliamps (maxi- 


ohms 


Threshold: 
mum) 
Pressure Gain: 50,000 psi ma nom- 
inal (second stage) 
Operating Temperature: 
+275F. (Oil) 
Frequency Response with Nominal 
Quiescent Flow 
Phase Shift: 90° at 100 cps 
Amplitude Ratio: +1 db to —6 db 
at 100 eps 


—65F to 











Now — 
do away 
with bosses! 
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Being revolutionary is 
routine with MPB 
miniature bearings. Used in 














gear trains, MPB extended 


inner ring bearings 


‘Tey 


eliminate gears with 


bosses. For details about 





extended inner ring 
bearings — or ony of 
MPB's 500 types and sizes 
— write to MPB, Inc., 1211 
Precision Park, Keene, N.H. 





MINIATURE PRECISION BEARINGS INC. 








Helps you 
perform miracles in miniaturization 
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Type 
405 
Series 


Direct reading in de. 
grees. Accuracy 0,25° 
Meter reading independ. 
ent of ratio of input 
signal amplitudes, 
Frequency Range: 8 cps 
to 500 ke. 


Price: $548.00 and up. 










Type 
202 














Accuracy 0.02° or 2%. 
Resolution: 0.005° devi- 
ations can be read. Full 
scale sensitivity: 1°, 2°, 
4° up to 180°. 
Frequency Range: 15 
cps to 100 ke, 

Price: $588.00 



















washers ' 
and Shims 


The operator no longer needs 
three hands to put the components 
together! 

Applications on which one tube 
is radiused or saddied to fit over 
another are sometimes difficult to 
preform with a washer or shim. 
The stiffness of the washer may 
hold the radiused member away 
from the other tubes. By curving 
the washer to the curvature of the 
tube, the problem is minimized. 





Curving a shim permits snapping 
of the shim onto the tube, 








LUCAS-MILHAUPT Engineering Co, 
5065 South Lake Drive, Cudahy, Wisconsin 
CIRCLE NO. 67 ON INQUIRY CARD 
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PHASE ANGLE COUNTER: 0,00001 eps 
1000 cps. Accuracy 0.5°. 
PHASE DETECTORS: 205A-B Series. 
racy 0.02° or 1%, 100 ke up to 1500 


D-YU 


FORMERLY 
ADVANCE 















ELECTRONICS LAB., Ine, 


249-259 TERHUNE AVENUE, 
PASSAIC, NEW JERSEY 
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You Get Things Done Better 
By Seeing What's Happening 


SB Eke SERCO CRE SI LS eB = 





we 


Hale 


oe ona Sk Ee Se eS 
= ce COS ae Er rs re eI st omy es | 
4 


O86 


MAR APR MAY | JUNE | JULY | AUG SEPT OCT 











4 5 amen ane diiite anmme a7 ; $48 e 
geaen.4...4—4 > 
z . 
sp Sis ein een el ony tee ae) And Wed all Gr TaD ie 
30 ‘ 
CS Be 

















BOARDMASTER VISUAL CONTROL 


* Easy to Use. Type or Write” 
on Cards, Snap on ‘ 

* Ideal for Production, Scheb 
uling, Sales, Inventory, 


* Gives Graphic Picture of 
Your Operations in Color. 


* Facts at a Glance—Saves 
Time and Prevents Errors. 


* A Simple, Flexible Tool—Easily %* Compact, Attractive. Made a 
Adapted to Your Needs. of Metal. 500,000 in Use. 


Complete Price $4950 Including Cards 


FREE 


GRAPHIC SYSTEMS, Yanceyville, North Caroline | 





24-Page ILLUSTRATED BOOKLET AK-50 e 
Without Obligation 4 
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TORQUE MOTOR 
Input Power: 300 milliwatts 
Rated Current: +10 ma 
DC Coil Resistance: 3000 ohms per 
coil 
VALVE 
Rated Flow: to 7.5 gpm at 3000 psi 
valve pressure drop 
Fluids: As specified by user 
Hysteresis: 3% maximum of total 
rated current 

Supply Pressure: 300 to 3000 psi 
Proof Pressure: 4500 psi pressure 
» Port 

- $000 psi return port 
} Burst Pressure: 7500 psi pressure 
sections 

4500 psi return sections 
' Recovery: Minimum 75% 
of supply pressure 
















Fig 17 Schematic of Kearfott’s 6103 Servo Valve. 
SPECIFICATIONS 










TORQUE MOTOR 


STABILIZED BODY 
TRUM CONSTRUCTION } 


ONE-PIECE SLEEVE 


Pressure Gain: First stage —500 psi 
per ma minimum with 3000 psi 
supply 

Load Pressure Gain: Minimum 8500 
psi per ma with 3000 psi supply 

Temperature: —65 F to +275 F 
(higher temperature models 
available) 

Maximum Null Shift: (% of rated 
current) 
Temperature change per 
100 F: 1% 
Supply Pressure Variation 
+20%: 2% 
Quiescent Current Change 
20%: 1% 
Return Pressure Variation 
(0-20% of Supply Pressure): 
2% 

Weight: 12 ounces 











R DIV., GENERAL 






Fig, 17 is a schematic cross section of 
® Xesrfott’s 6103 electrohydraulic servo 


be ® Ye, Fluid under supply pressure 
sory, # § “Hes the input port and passes 
eo. Mote _ through a 50 micron porous screen 
in Use. through fixed orifices to the chamber at 


—& tither end of the spool. The spool has 


Is A ‘Wo passages leading to the two var- 
en itble located at either side of 
AS the spool’s center line. A slider fork, 





od the motor armature, closes the 
M0 Variable orifices at null. The 
motor consists of a permanent 


: flux field, two field coil wind- 


ings, an armature and a field return 
structure. A suitable pivot for the 
armature is provided. 

Fig. 18a represents the valve at rest. 
An increased current flow through 
winding A-B over that flowing in wind- 
ing C-D displaces the armature coun- 
terclockwise about the pivot and simi- 
larly positions the slider fork to the 
right. This slider movement uncovers 
the variable orifice connected with the 
pressure chamber at the right-hand 
side of the spool. Flow of fluid through 
this uncovered orifice lowers the pres- 
sure in the chamber at the right (see 
Fig. 18b). 

































































Fig. 18a 
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Fig 18d 


OZZZLLZZLLL 





Fig 18 Functional diagrams illustrat- 
ing principles of operation of Kear- 
fott’s 6103 servo valve. 


Higher pressure in the left-hand 
chamber drives the spool to the right as 
shown in Fig. 18C. The spool con- 
tinues moving to the right, and stops 
when the exposed orifice slides under 
the fork. Pressure in each of the cham- 
bers at the end of the spool will then be 
at equilibrium. Movement of the spool 
to the right connects the supply pres- 
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SUPPLY PRESSURE 3000 Ps) 
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TEMPERATURE 100°F 
FLUID MIL-H-5606 
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SUPPLY PRESSURE 3000 PS! 
TEMPERATURE 100°F 
FLUIO MIL-H- S606 
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Fig 19 No load-flow curve of Kearfott’s 6103 servo valve. 
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Fig 20 Frequency response of Kearfott 6103 servo valve. 





sure port P with load port L,. Similar- 
ly, load port Ls is connected with drain 
port D. 

Equalizing the flow of current 
through winding A-B with that through 
winding C-D restores the slider to the 
center of null position as shown in Fig. 
18d. The spool’s variable orifice, con- 
hected with the pressure chamber at 
the left of the spool, is now uncovered. 

Pressure in this chamber is lowered 
and the spool moves to the left, return- 
ing to equilibrium at the center of the 
valve as shown in Fig. 18a. This spool 
movement closed load ports L, and L, 
from the drain and supply ports. 

Conversely, increasing the flow of 
current through winding C-D over that 
flowing in winding A-B positions the 
spool to the left of center. At this po- 
sition, supply pressure port P is con- 
nected with load port L. and load port 
L, is connected to drain port D. 

The description of operation detailed 
above has been oversimplified for rea- 
sons of clarity. Spool movements illus- 
trated are full excursion movements 
produced by full differential input cur- 
rent signals. In use, smaller input sig- 
nals produce proportionately smaller 
spool movements and consequently less 
fluid flow. 

Figs. 19 and 20 show no load flow 
and frequency response of the unit. 
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CADILLAC GAGE CoO. 


Cadillac FC10 servo valve (Fig. 21) 
controls flow of hydraulic fluid to and 
from an actuator by positioning a four 
way slide valve proportional to an elec- 
trical signal. 

The slide valve moves in response to 
the forces exerted at points A and B, 
(see Fig. 21). Point B receives the full 
supply pressure but it acts on a reduced 
area. Pressure at point A, on the other 
hand, is reduced by the escape of a 
small amount of fluid through the sup- 
ply orifice and nozzle-target arrange- 
ment at point C. 

The target at point C is connected to 
the armature of the torque motor. 
When no electrical signal is applied, 
forces on the armature are in balance 
due to feedback and centering adjust- 
ment—under this condition of balance, 
the forces on the valve are also in bal- 
ance (Fig. 21 top). 

When a differential current flows 
through the armature coils, the target 
moves to the right or left, changing the 
flow of hydraulic fluid through the 
nozzle. This immediately changes the 
pressure at point A, which changes the 
balance of forces on the slide valve. 

In Fig. 21 (bottom), the torque mo- 
tor armature has moved the target to 
the left, reducing flow through the 
nozzle, increasing pressure at point A. 


The slide valve moves to the right, 
opening the ports leading to the actua- 
tor. 

As the slide valve moves, however, 
it presses against a feedback beam that 
in turn pulls against a spring connected 
to the target and armature. This feed- 
back force on the armature balances 
torque motor force, quickly returning 
the target to its original position. This 
again balances the forces at points A 
and B, and the slide valve comes t 
rest, Flow through the valve is now & 
actly proportional to the electrical sig 
nal received. Any further change i 
this signal will cause a proportional 
change in the opening of the valve. 

Adverse operating conditions such # 
those imposed by contamination or Ve 
bration have little effect on the action 
of the valve. Electrical current requitel 
to actuate the FC10 is only a few 
liamperes, but the forces at work on the 
slide valve are those of the hydraulic 
system itself, generally 500 to 3000 ps. 
Figs. 22 and 23 show the flow cune 
and dynamic response of the unit. 


VICKERS 


Fig. 24 is a schematic of the Vickes 
SA-4 servo valve series. The ¢ 
signal from the servo amplifier is 
rected to the two coils of the pent 
nent magnet torque motor. A differe® ® 
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Fig 21 Schematic of Cadillac Gage FC10 servo valve. 


Size: 1.7 x 1.9 x 3.8 inches 

Weight: 1.1 Ibs 

External Leakage: None 

Internal Leakage: 
0.15 gpm maximum at neutral 
(3000 psi supply pressure. MIL- 
0-5606 hydraulic fluid, 90 F). 

Static Flow Control Characteristics: 
Flow ranges—rated flows from 
0.15 to 13 gpm 
Hysteresis (max): 2% of dif- 


POLARIZED TORQUE MOTOR 





SIGNAL 
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SPECIFICATIONS 


Proof Pressures: . 
Pressure sections—4500 psi 
Return sections—3000 psi 
Minimum Burst Pressures: 
Pressure sections—7500 psi 
Return sections: 4500 psi 
Filtration Required: 
10 micron system filter recom- 
mended, 
Dither Required: 
None for threshold level spe- 





















Electrical Characteristics: 
Valve is actuated by two coils 
normally connected in opposi- 
tion. Each coil has a resistance 
of 1400 ohms. Maximum dif- 
ferential current required at 
maximum flow is 8 ma. 

Suppy Pressure Operating Range: 
4000-1000 psi 

Effect of Supply Pressure Changes: 
Shift in zero flow point for sup- 




















ferential current cified ply pressure change from 3000- 
Threshold (max): 1% of dif- Temperature Operating Range: 1500 psi equivalent to 0.5 ma 
ferential current —65 to 275 F maximum. 
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Fig 22 Flow curve of Cadillac Gage FC10 servo valve. 
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Fig 23 Dynamic response of Cadillac Gage FC10 
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Fig 24 Schematic of Vickers SA4 servo valve series. 


Supply Pressure: to 3000 psi 
Flow Rating: 


SA4-03 series, 17 gpm at 1000 psi pressure drop 
SA4-06 series, 37 gpm at 1000 psi pressure drop 


Control Pressure: 200-1000 psi 


Dimensions: (approx.) 9% x 3” x 4% 
Weight: (valve & torque motor assembly) approx. 


15 pounds. 


SPECIFICATIONS 
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s SUPPLY PRESSURE 1000 PSI 

e -s _. CONTROL PRESSURE 750 PSI 
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Fig 25 Dynamic response of Vickers 
SA4-03 servo valve. 
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Fig 26 Flow curve of Vickers SA4(3 


servo valve. 


Electrical Connection: 4 pin connector 
Operating Temperature: To 170 F 


Recommended Filter: 10 micron full flow 
Dither: 60 to 400 cps recommended 


Hysteresis: Less than two percent. 


Deadband: 0.2% open loop with dither 
Power Required: 3 watts 


Max. Null Shift (100 F —150 F): 0.03% /°F 


Hydraulic Connection: gasket, subplate, or manifolded 


tial current is established in the coils 
which deflects the armature an amount 
proportional to the command. 
Deflection of the armature is me- 
chanically transmitted to the pilot stage 
spool in the valve by means of a stiff 
connecting wire. Thus, mechanical dis- 
placement of the pilot stage spool is 
directly proportional to the command 
being received by the torque motor. 
Full deflection is 0.020” to either side 
of center or null position . . . the di- 
rection being determined by the torque 
motor coil having the larger current. 
When the pilot spool moves to the 
left, a flow of control oil is metered to 
the “2A” end of the main spool. Since 
contro] pressure acts continuously on 
area “A”, it is now acting on both 
ends, but, because more force is devel- 
oped at area “2A”, the main spool 
shifts right. Shifting the main spool in 
this direction will permit main system 
pressure to be directed to port “A” and 
actuate the hydraulic cylinder or motor 
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in one direction proportional to the 
electrical command signal. 

A signal from the servo amplifier re- 
sulting in a pilot spool movement to the 
right will permit the control pressure 
acting on area “A” to move the main 
spool to the left, as area “2A” is now 
connected to the drain. The main sup- 
ply pressure will be directed into port 
“B” and will move the hydraulic cylin- 
der or motor in the opposite direction. 
Again, the amount of movement is pro- 
portional to the electrical command. 

The valve feedback linkage mechan- 
ically links the main spool and the pilot 
spool sleeve. Thus, any movement of 
the main spool is fed back through the 
linkage to act on the pilot stage sleeve. 
When the sleeve follows the pilot spool 
to the new position, the control pres- 
sure is closed off. 

A variable fulcrum on the linkage 
permits selection of the linkage ratio 
that provides optimum performance for 
each individual application. 


FILTER - 10 MICRON MECHANICAL FILTER 


FIRST STAGE ORIFICES / 2 MICRON MAGNETIC FILTER 
rersnmcwrn\ \ | Tem 
ul \ / / 
\ AY SUPPLY PRESSE? 
NULL ADJUST | \ pede 


= 


~ , 
“ 











, AZZ | 2 4 Y 4 ; 
FORCE MoTOR | / / t 4 OUTPUT PISTON 
ARMATURE / | 2 

\. CONTROL PORT-C) 
FORCE MOTOR COILS \ 
REFERENCE 








CONTROL PORT-C 
SPRING ¢ 


FIRST STAGE BAFFLE 


Fig 29 Schematic of Sanders Model 
SV 219 servovalve. 


Figs. 25 through 28 are flow curve 
and frequency response curves of tit 
models of the SA-4 unit. | 











SANDERS ASSOCIATES, INC. 


A typical Sanders custom-designed 2 
vo valve is shown in Fig. 29. 
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Fig 27 Dynamic response of Vickers 
§A4-06 servovalve. 


CONSTANTS: 
PRESSURE DROP 1000 PS! 
CONTROL PRESSURE 750 PS! 
VALVE FEEDBACK RATIO 5.5.1 
DIE UGHT On @ 130°F 








PERCENT DIFFERENTIAL CURRENT 


— Fig 28 Flow curve of Vickers SA4-06 


servovalve. 


which displaces a baffle between two 
fed nozzles supplied with a constant 
pressure. Baffle displacement causes 
the nozzle pressures to vary differen- 
tially. Since these nozzle pressures are 
connected to each end of the output 
pistons, the differential pressures cause 
aforce unbalance on the piston and it 
is displaced. Position of the output 
slage piston is fed back through the 
ce spring as a force on the 
_ amature, When the feedback force 
equals the input armature force, the 
fist stage is nulled, the baffle is again 
centered between the two nozzles, pres- 
sures Py, and Pv. are equal, unbalance 
7 zero and the output piston is 
tionary, porting fluid to the 

lad through ports C, aa Cy. 


. FILTER 





OL. PORT-C;— 
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ers Moll} RAYMOND ATCHLEY, INC. 
® Yaymond Atchley’s Model 415 servo- 


is one of a series of servovalves 

are basically four-way propor- 

hydraulic valves used nor- 

mally to drive hydraulic actuators or 
motors in closed-loop servosystems, 

Stage is driven by an effi- 

Gent symmetrical torque motor. To 

Minimize system drift due to resistance 

in the torque motor coils, they 

be driven in push-pull. The in- 


yes of 
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200 MICRON SCREEN 





PATENT APPLIED FOR 





Rated Flow: 10 gpm at 1000 psi 
drop across the valve 

Operating Pressure: 300 to 4500 
psi 

Return Pressure: 3000 psi maxi- 
mum 

Hysteresis: 2% maximum 

Resolution: 0.1% maximum 

Weight: 13 ounces 

Input Power: 0.08 watt 

Null Leakage: 0.15 GPM at 3000 





Fig 30 Schematic of Raymond Atchley’s Model 415 servovalve. 
SPECIFICATIONS 





psi nominal. Lower leakage to 
meet customer requirements 
Electrical Connector: Bendix Pyg- 
my, #PCIH-8-4P standard. 
Other connectors or perma- 
nent cable optional. Mating 
connector supplied with each 


servovalve. 
Temperature Range: —65 to 275 F 
standard. Higher temp. to 


meet customer requirements. 








put power of the valve is 0.08 watt for 
full flow. A wide range of coils is of- 
fered to match the optimum current 
capabilities of vacuum tube, transistor, 
or magnetic amplifiers. The coils may 
be connected in series or parallel aid- 
ing when they are to be driven single 
ended. The torque motor is balanced 
so that lateral accelerations have no 
effect on output flow. The jet hydrau- 
lic preamplifier is a four-arm hydraulic 
bridge with all four arms active. This 
allows nearly full differential pressure 
to be exerted on the second-stage spool 
for added reliability, The second-stage 
spool is precisely controlled by a fric- 
tionless push-pull force feedback servo. 
Because the second-stage spool is well 
damped, the allowable gain is very 
high (several hundred/sec.). Because 
of this high gain, approximately one- 
third of the total differential pres- 
sure is applied to the second-stage 
spool with only 10% of rated input dif- 
ferential current. 

A schematic of the 415 servovalve is 
shown in Fig. 30. Oil is introduced 
under pressure into cavities marked P. 
This oil is supplied through a mani- 
fold provided by the user. Ports 
marked 1 and 2 are connected through 
the same manifold to the load actuator. 


Cavity R is connected to the oil return 
line to the reservoir. The three (o1 
four) torque motor leads are normally 
driven in push-pull from a vacuum 
tube, magnetic, or transistor amplifier. 
In actual operation, the second-stage 
piston displacement (and hence oil 
flow) is proportional in magnitude and 
direction to differential current in the 
torque motor. 

A very small amount of oil flows out 
of the pressure cavity P into the 200 
micron screen, then through the flexible 
pipe connected to the torque motor 
armature, and out of the projector jet. 
The oil flowing from the jet impinges 
on the two receiver pipes that are con- 
nected to each end of the piston. At 
the null, approximately % line pressure 
is developed in each receiver pipe and 
therefore no differential pressure, and 
hence no jet force, exists on the piston. 
When a differential current is supplied 
to the torque motor, it develops a force 
and the armature rotates through a 
small angle. Assuming the armature 
rotates counter-clockwise, the jet pipe 
would be displaced to the right and 
more oil would impinge on the right- 
hand receiver pipe and the pressure 
would increase. Conversely, less pres- 
sure would be developed in the left- 
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a better fastener? 


SPIROL PIN comes in Medium, Light and Heavy Duty... 


In a majority of applications, the Medium Duty 
SPIROL PIN satisfies all requirements, and gives 
cost savings through increased production by 
easier and faster insertion. Application in mate- 
rials too soft, brittle or thin for heavier spring pins 
is possible with Medium and Light Duty SPIROL 
PINS 

Miniature Diameters...SPIROL PIN is the only 
spring pin available in ¥32" to 052”. And, in diam- 
eters as large as 34". 

Uniform chamfer on ends of every SPIROL PIN... 
insures ease of insertion, without hole damage 
or distortion. 





Write for free TECHNICAL DATA 


a Bi RO»: MANUAL. Free samples for specific 
ee applications. 
Cc. E. M. COMPANY 


34 SCHOOL STREET, DANIELSON, CONN., @ PRescott 4-8571 
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In this Fourth Annual Miniaturization Award Com- 
petition, nationwide recognition will be promoted 
for the winner of the major Award — as well as 
for ten additional entries who have received cer- 
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Your achievement in minia- 
turization may gain even 
wider recognition in MA6O. 
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tificates of Excellence. MA60 is open to individuals, 
companies and organizations. Entries must be re- Fig 31 
ceived by January 10, 1961. For complete details, Atchle 
including personnel and criteria of judging, write 
to Miniaturization Awards Committee, Box 604, 
Keene, New Hampshire. 
NOES Helps you perform 
miracles in miniaturization 
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Fig 31 Dynamic response of Raymond 
Atchley’s Model 415 servovalve. 
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Fig 32 Flow curve of Raymond Atch- 
ley’s Model 415 servovalve. 


hand pipe. Thus, a differential pres- 
sure (and a net force) exists on the 
piston which causes it to move to the 
left. 

As the piston moves, a counteracting 
force is transmitted to the jet pipe by a 
force feedback spring which is con- 
nected between the jet pipe and the 
piston, The piston continues to move 
to the left until the force created by 
the feedback spring is equal to the 
force developed by the torque motor. 
When this occurs, the jet pipe is again 
symmetrically positioned over the two 
receiver pipes, and no differential pres- 
sure, and hence no jet force, is acting 
on the piston and it remains at its new 
position. Thus, the second-stage piston 
has assumed a position proportional in 
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Fig 33 Schematic of Hydraulic 
Research & Mfg. Co.’s Model 25 


servovalve. 


SPECIFICATIONS 
Control Flow Range: 0.05 to 1.5 
GPM 
Typical Electrical Input: 80 milli- 
watts 





Operating Pressure Range: 
4000 PSI 
Hysteresis: 3% maximum 
Threshold: 0.5% maximum 
Null Shift Due To Temperature 
Changes: 5% from —65 to 
+450 F 
Null Shift Due To Acceleration, Vi- 
bration, Shock: 5.0% max. up 
to 100G 
External Leakage: None 
Internal Leakage: 
Mil-0-5606 Oil 100 F: 
0.1 GPM Nominal 
Oronite 100 F: 
0.05 GPM Nominal 
Operating Temperatures: 
Fluid Temp.: —65 to + 
Ambient Temp.: 
+550 F 
Weight: 0.33 Ibs 
Flow Gain Linearity: +10% 
Input Impedance: 100 to 
ohms as required 
External Filtration Recommended: 
10 micron 


150 to 


150 F 


65 to 


5000 





direction and magnitude to the input 
differential current in the torque motor. 
If the differential current polarity is re- 
versed, the piston will move to the 
other side. The curves in Figs. 31 and 
32 show flow characteristics and dy- 
namic response of the valve. 


HYDRAULIC RESEARCH & 
MANUFACTURING CO. 


Developed specifically for high per- 
formance and extreme environment re- 
quirements, Hydraulic Research and 
Manufacturing Co.’s Model 25 servo- 
valve is 1” in overall ht. and weighs 
5 oz. The valve consists of a torque 
motor and two stage hydraulic ampli- 
fier with a spool position feedback be- 
tween the output stage spool and the 
flapper of the hydraulic pre-amplifier. 
Any spool displacement causes a torque 
to be applied to the flapper in phase 
opposition to the original torque ap- 
plied to the flapper by the torque mo- 
tor, thus permitting high gains in the 
nozzle flapper stage while still main- 
taining high stable performance. A 
schematic of the unit is shown in Fig. 
33. 

Powerful dry torque motor which is 
sealed from external environment has a 
parallel magnet design that reduces 
hysteresis and increases stability. The 
lapped spool maintains threshold and 
resolution to less than 0.5% and spool 
diameter is large to provide high spool 
driving forces. Single large area filter 
eliminates null shift or unbalance due 
to contamination. Fig 34 shows the 
typical dynamic response of the valve. 





FLOW AMPLITUDE IN 0B 


PHASE LAG IN DEGREES 


FREQUENCY IN CYCLES PER SECON 


Fig 34. Typical dynamic response char- 
acteristics of Hydraulic Research & 
Mfg. Co.’s Model 25 servovalve. 


SERVOCONTROL, DIV. OF THE 
OILGEAR CO. 


Model SC-VPO5, shown in 
one of a series of single-stage valves by 
Servocontrol that has only one moving 
part, a “swing-plate”, connected to the 
moving armature. There are no spools, 


Fig 35, is 


sleeves, linkages, pins or coil springs. 
Any minute change in current from the 
motor coils will deflect the armature 
an amount proportional to a 
from a servo amplifier to the motor 
Each movement of the armature is 
transmitted directly to the swingplate 
which controls the volume and direc- 
tion of fluid flow. Thus, the mechanical 
displacement of the swing-plate and the 
volume of fluid flow from port 3 or 4 
is directly proportional to the signal 
from the servoamplifier. 

Maximum stroke of the swing-plate 
to either side of neutral or null position 
is 0.015”. Swing-plate clearances and 
port seals and sizes can be varied to 
suit application and fluid handled. In 
case of coil, wire, or power failure, the 
swing-plate automatically returns to 
neutral position. 

No metal-to-metal contact 
the swing-plate and the valve body re- 


signal 


between 
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sults in a frictionless design that gives 
high sensitivity and fast response, vir- 
tually eliminating sticking, scoring and 
jamming. Flow rate is essentially a 
linear function of valve displacement. 
Fig 36 illustrates typical flow-current 


characteristics of the swing-plate valves. 


MOOG SERVOCONTROLS 


Series 31 and 32 servovalves by Moog 
are miniaturized two-stage flow-control 
valves which use internal mechanical 
feedback. Features of the design in- 
clude high performance, simplification 
and compactness, together with a 
wide temperature capability. The 
servovalve shown in Fig 37 consists 
of a polarized electrical force motor 
and two stages of hydraulic power 
amplification. The polarizing magnetic 
flux circuit is formed by -upper and 
lower pole plates supported by two 
Alnico magnets. The motor armature 
extends between the air gaps of the 
magnetic flux circuit and is supported 
in this position by a flexure tube mem- 
ber which acts also as a seal between 
the electromagnetic and hydraulic sec- 
tions of the valve. Two torque motor 
coils are located about the armature, 
one on either side of the flexure tube. 

Rigidly attached to the armature at 
the flexure tube support point is the 
flapper of a hydraulic amplifier. The 
flapper extends through the tubular 
flexure member and passes between two 
nozzles, creating two variable orifices 
between the nozzle tips and the flap- 
per. Pressure oil is supplied to these 
orifices through two fixed upstream 
orifices. The intermediate pressures de- 
veloped are applied to either end of 
the output stage sliding spool. 

A cantilever-spring feedback ele- 
ment relates spool displacement to 
torque at the motor armature. This 
feedback spring is fixed to the 
armature-flapper assembly at the 
flexure tube support point. The free 
end of the spring extends through the 
flapper to engage a slot at the center 
of the spool. 

When a signal is applied to the 
motor coils, a torque is developed 
upon the armature, causing it to pivot 
about the flexure tube support. Result- 
ing motion at the flapper causes one 








Connecting Rod 












Coils 


Permanent 
Magnets 





Electrical Leads 





Armature 
Torsion Shaft (e) 


Armature (d) 
Cylinder Port #3 


Fig 35 Servocontrols 


Valve ‘'Swing-Plate"' (a) 


Return Port #2 


Valve 
“Swing-Plate 
Supports (c) 


Body (b) 





Cylinder Port #4 


Pressure Port #1 


swing-plate” servovalve. 


SPECIFICATIONS 


Nominal max. flow to load (1000 
psi valve drop): 100 to 2500 


cipm 
Supply Pressure: up to 3000 psi 
Proof Pressure: 5000 psi 
Port Length: 0.100 to 1.000 in. 
Port Opening: up to 0.015 


Input Electrical Power: 2 watts full 


flow, 4 watts max. 
Frequency Response: 


(Valve and Amplifier) 150 eps 


Pressure Null Shift: less than 5% 


Temperature Null Shift: less than 


5% 
Hysteresis: less than 3% 
Linearity: less than 5% 
Sensitivity: less than 0.1% 
Coil Resistance: 75-3400 ohn 


Neutral Leakage: up to 10% of 
max. flow for closed center 


4-way valve 


Filtration: 10 micron recommend- 


ed (full flow filter included in 


standard valve housing) 
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Fig 36 Flow curve of a typical Servocontrol’s “swing-plate” servovalve. 
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PISTON 


Series 31: 4 GPM 
Series 32: 8 GPM 


Operating supply pressure: 
Proof pressure: 


Burst pressure: (return open ) 
Temp. range: (fluid & ambient) 


Electrical signal power (approx.): 
External leakage: 

Fluid: 

Recommended system filtration: 
Weight (approx.): 


RETURN 


SPECIFICATIONS 
Max. rated flow at 1000 psi valve pressure drop: 


PISTON 
PRESSURE 


50 psi to 4000 psi 
6000 psi pressure 
return port 

10,000 psi 

—65 to 350 F stand. 
to 450 F or to 600 on special order 
40 mw maximum 

None 

Hydraulic or pneumatic 

10 microns 

0.75 pounds 


port; 


4500 psi 
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Fig 37 


nozzle orifice to open as the other 
closes. Consequently, flow is directed 
towards one end of the sliding spool 
causing spool displacement. As _ the 
spool moves from the centered po- 
sition, a torque proportional to spool 
displacement is applied to the arma- 
ture by the feedback spring. This 
torque opposes that developed by the 
motor and a condition of torque 
equilibrium will exist when the feed- 
back spring torque equals the elec- 
trical motor torque. 

By a method of rate cancellation, 


NOVEMBER 1966 





Schematic of Moog’s Series 31 and 32 mechanica! feedback servo valves. 


rate of the flexure 
offset by the de- 


the centering spring 
tube is essentially 
centering action of the permanent 
magnet motor. With the resulting 
condition of zero effective spring rate, 
the flapper is free to move so as to 
create a balance between the input 
and feedback torques. Balance of 
these torques produces spool displace- 
ments proportional to electrical input 
signals. Fig 38 and 39 show the load 
flow-pressure characteristics and the 
frequency response of Moog’s Series 
31 and 32 servovalves. 


NEW Thermocouple 
Selector 
Switches 


For fast, accurate indication of temperature 
from a number of thermocouples—to aver- 
age readings from several measuring points 
—or to switch a thermocouple from one in- 
strument to another—choose a new compact 
Thermo Electric Selector Switch. 


These switches are compatible with any 
thermocouple or resistance thermometer, 
and any measuring instrument. Steel cases 
are dust and moisture proof, and are easily 
mounted on panel, rack, wall, or table. 





ROTARY SWITCHES 


| Capacities—OFF to 6, 12 or 24 measuring 


points. Available with binding post ter- 
minals or bunched leads for soldered con- 
nections. 





KEY SWITCHES 
Accommodate | to 144 sensing elements— 
1 ocking or non-locking construction. Choose 
from several different cabinets. 





PUSH BUTTON SWITCHES 
OFF to 72 points—interlocking construc- 


tion so that one switch remains “ton” until 


another is actuated. 


Write today for catalog 24-2-8 


™ 





Thermo 
Electric CO., INC. 


SADDLE BROOK, NEW JERSEY 
In Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Oat. 
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PEAK TO PEAK SIGNAL INPUT 
75% RATED CURRENT 
OlL TEMPERATURE 100° F 
SUPPLY PRESSURE 3000 PSI 
—_————— SERIES 31 

SERIES 32 
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Fig 38 Load flow—pressure characteristics of Fig 39 Frequency response of Moog’s Series 
Moog’s Series 31 and 32 servo valves. 31 and 32 servo valves. 
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Cel TUMBROLONG\LUR TSIM (427 solued (asteninn problem. 


As the largest specialized nut manufac- 

turer in the world we are constantly 

developing new methods and products 

for this phase of assembly in industry . . . : 

in the field of locknuts we have made 4 f 
spectacular progress. Besides standard- 

pa To Mal-> dolelela am Glelal-lle) Suma nll le | lola aammo late! 

“Marsden,” sizes #10—3” of ferrous and 

non-ferrous materials, we provide many 





special application nuts, upon a basis of 4 C 
these desig s ...a few of which are re 
Al -Ta-Laloh ds ee @ 10] ato (-SMo fale M-Valellal-1-13 ts 
ing departments are available to help ; 
you solve your fastening problems. . . : P 
Send for 12-page condensus catalog, it ce 
includes complete specifications of our . 
entire product, as well as engineering F 
efoto MA A-MeoloMaloh-MelaMolal-MalUlalele-toMelale! i I 
forty four page catalog where more q e 
comprehensive information is required. ; fi 
F $I 
Manufacturers of Standard and P W 
Special ferrous and non-ferrous 
Hexagon, Square and ‘'12 Pointer"’ 7 
nuts . . . ‘‘Conelok,’’ ‘‘Huglock”’ j ; I 
and ‘‘Marsden”’ locknuts. j tl 


NATIONAL MACHINE PRODUCTS COMPANY fo 
) erry he Cn ee a icra | | 
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ASSURES PREDICTABLE PERFORMANCE OF 
BARDEN PRECISION BALL BEARINGS 


One of the key factors behind the world renowned 
reliability of Barden Precision bearings is quality con- 
trol. First step in Barden’s advanced quality control 
procedure is inspection of bearing steel to assure its 
conformance to rigid specifications. 


From here on, bearing parts are carefully checked — 
microscopically, mechanically and electronically — at 
every manufacturing operation. At the end of the line, 
functional testing of assembled bearing assures that, 
small quantity or large, every Barden Precision bearing 
will meet your performance requirements. 


Typical of Barden quality control instrumentation is 
the Waviness Gage, a production tester used to check 


for reliability... specify 


the accuracy of raceway grinding — one of Barden’s 
many contributions to the advancement of the preci- 
sion bearing art. 


Barden quality control —together with Barden methods 
in manufacturing, 


lubrication, functional testing and sealed packaging — 


bearing assembly, final inspection, 


is your assurance that with Barden Precision bearings 
you get consistent quality from the beginning to the 
end of each production run. 


Barden is a major supplier of standard bearings in sizes 
from .0469” bore to over 


¢ 


3” O.D., all manufactured to 
Barden Precision standards of dimensional accuracy, 
uniformity and reliability. 


BARDEN <p PRECISION BALL BEARINGS 


THE BARDEN CORPORATION. 206 Park Avenue, Danbury, Connecticut 


Western office: 3850 Wilshire Boulevard. Los Angeles 5. California 
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IDL Shaft Angle Converters | 


are fully qualified 
per MIL-E- 5272 A 


for Operation: 
At temperatures 0°F to 160°F 

per Paragraph 4.1.1 Procedure 1 
From 0.55 to 14.7 p.s.i.a. 

per Paragraph 4.5.3 Procedure 3 
Under vibration 5-5000 cps 

per Paragraph 4.7.1 Procedure 1 
for Exposure: 
To Humidity and Temperature 

per Paragraph 4.4.4 Procedure 1 
To Sand and Dust 

per Paragraph 4.11.1 Procedure 1 
To 50 hour Salt Spray 

per Paragraph 4.6 through 4.6.13 
To Shock 

per Paragraph 4.15.1 Procedure 1 

and Paragraph 4.15.2.1 
To 10 G’s Sustained Acceleration 

per Paragraph 4.16.2 Procedure 2 


For Linear Motions, Model 


$00206 provides accuracies of 
1 part in 1000 counts. 


For Angular Motions, Model 
$00406 provides accura- 
cies of one tenth degree; 
Model 500407 provides accu- 
racies of a tenth of a minute. 


Each unit provides bidirec- 
tional rotation for applica- 
tions in mechanically geared 
systems. The Gray BCD 
coding system is easily trans- 
lated into other digital for- 
mat for visual readout or for 
recording. 


For specifications on 
these components, ask 
IDL for their data 
sheet, “Shaft Position 
to Digital Converters’’ | 
or price information, 
use your letterhead. 








66 MECHANIC STREET, ATTLEBORO, MASS. 
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| power 


‘New Components For 


Electromechanical Systems 


| Miniature Solenoids 


Made to meet and exceed mil require- 


| ments, miniature solenoids are said to 
_be extremely powerful despite their 


size. Five standard types range in di- 
ameter from 4%” to 1”, have high tem- 
perature insulation and are available in 
pull and push types. Various mounting 
arrangements can be furnished. The 
units are designed only for de appli- 
cations with ratings up to 125 volts. 
Anderson Cont., Inc., Franklin Park, IIl. 
Write No. 694 in Box on Inquiry Card 


Slip Ring Assemblies for Switching 


For sine-cosine functions in antenna 
mounts, a slip ring assembly of con- 
centric ring type construction accom- 


| plishes switching within 0°20’. Unlim- 
| ited combinations of segment designs 
| are available and the use of arc re- 


sistant insulation material permits high 
ratings. Switching is either 
break-before-make or make-before- 


| break, Assemblies operate in an am- 


bient temp. range from —65 to 165 F. 
Breeze Corps., Inc., Union, N.]. 
Write No. 713 in Box on Inquiry Card 


Thermocouples 


| Pencil probe thermocouple has a _ re- 
| sponse time of less than 10 micro- 


seconds; operates continuously at tem- 
peratures over 2000 F; has sensing 
tip with unlimited life; and an operat- 
ing pressure range to 3,000 psi. An 
adjustable gland nut assures continu- 
ous pressure seal. Design consists of 


| thin ribbon wires with mica insulation 


of 0.0002 inches thickness. NANMAC 
Corp., Indian Head, Md. 

Write No, 657 in Box on Inquiry Card 
Synchro Indicators 


Dual position indicators designed for 


| accurate, non-ambiguous remote indi- 
cation of linear or angular position of 


transmitter units use two synchro re- 


| ceivers which combine the advantages 


of both the 1:1 and the 36:1 synchro 


_ indicators. A separate synchro receiver 


is geared to each pair of concentric 
dial pointers. The units read accu- 
rately within +0.03 degree. Model 
IU-3 is used when conditions require 
resetting to zero with respect to an 
arbitrary reference point on _ the 
mechanism being monitored; Model 
IU-6 is used when monitoring a 
mechanism having fixed reference point. 
Scientific-Atlanta, Inc., Atlanta, Ga. 

Write No. 656 in Box on Inquiry Card 


4 Watt Potentiometer 


Potentiometer with the same outside 
diameter as a 2-watt potentiometer is 
rated at 4 watts, at 40 C rise, and de- 
rated zero power at 135 C. Units are 
1-%” in diameter, wire-wound with 
one tap at 50% rotation, and any po- 
sition electrically. Resistance range is 
from 1 ohm to 10,000 ohms linear, 
with a standard tolerance of +10%. 
Clarostat Mfg. Co., Inc., Dover, N. H. 
Writ2 No. 654 in Box oa Inquiry Card 


Gearheads 


One half inch in diameter, a “size 
five” gearhead and speed _ reducer 
unit weighs a few grams and meas- 
ures three-fourths inch in length. Unit 
is two thirds the size of the size eight 
unit, claimed to be the tiniest in this 
field. It produces step-up or step- 
down ratios of from 10.1 to 2,025:1. 
Bowmar Inst. Corp., Ft. Wayne, Ind. 
Write No. 658 in Box on Inquiry Card 








Two-Ounce Motor 


Subminiature motor measuring 
1 7/32 inch long and weighing only 
2 ounces incorporates a phase shift 
network providing one winding 90 
degrees out of phase to assure rapid 
starting, smooth operation, and ease 
of reversal. According to the A. W. 
Haydon Co., Waterbury, Conn., the 
synchronous characteristic of the 
motor assures an accuracy on the 
same order as the power source. 
With a diameter of only 0.947 inch, 
the motors are ideal for applications 
where space is at a premium, while 
at the same time they are unaffected 
by extreme shock and vibration or 
temperature ranges from —54 to 
85 C. Voltage is rated at 115 v, while 
current is specified at 20 ma. Power 
input is 3 watts max, with a torque 
rating of 0.01 ounce-inches at 3000 
rpm starting and running. 


Write No. 306 in Box on Inquiry Card 
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Packaging Equipment 


Two ball-bearing slides are said to ot- 
fer rapid disconnection of the chassis 
portion of the slide, positive lock in 
the extended position, extreme thin- 
ness and exceptional weight handling 
ability. A pair of self-aligning keyed 
blocks, used to securely lock electronic 
equipment chassis in place to prevent 
magnification of shock and vibration 
are claimed to be the first significant 
reduction in close tolerance tooling 
costs for shock and vibration protec- 
tion. A self-aligning pin system absorbs 
horizontal tolerances to +0.30” and 
vertical tolerances to +0.10” while 
providing full shock and vibration pro- 
tection. Equipment handles provide a 
means of applying pulling or pushing 
forces equally to both sides of elec- 
tronic chassis to prevent chassis skew- 
ing and jamming. This is especially 
important in the case of units with 
one or more multi-contact plugs or 
jacks on the rear apron, where skewing 
or misalignment could seriously damage 
contacts or, if connected, circuitry. 
Latches are combined with the han- 
dles to provide a completely integrated 
one motion operation. Jonathan Mfg. 
Co., Fullerton, California. 

Write No. 673 in Box on Inquiry Card 


Torque Standard 


For calibrating torque indicators, a 
primary torque standard consists of a 
simple balance arm, accurately meas- 
ured and notched, and a set of stand- 
ard weights of known accuracy. A 
pointer and reticule insure accurate 
resolution of the center or null posi- 
tion. The weights are balanced by ro- 
tating the torque indicator until a null 
is indicated on the pointer. Dial reads 
in oz. in. or gram centimeters and the 
reading is plotted on a calibration chart, 
Autotronics Inc., Florissant, Mo. 

Write No. 323 in Box on Inquiry Card 


Gearheads 


Servomotor gearheads, 2-47/64” long 
and weighing 6 ozs, are available in 
over 1,000 ratios, from 5:1 to 78125:1. 
Maximum recommended load torque is 
100 oz.-in. Maximum backlash does 
not exceed 30 minutes as measured 
with a 1 oz. in. load on the output 
shaft. No load speed is 6700, torque 
at stall is 0.63 oz. in. and operating 
temperature range is from 54 to +120 
C. Guidance Controls Corp., Hicks- 
ville, L.I., N.Y. 


Write No. 435 in Box on Inquiry Card 
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NEW KEARFOTT DIGISTROBE* DISPLAY 


Kearfott’s new, highly compact Digistrobe digital display 

utilizes the stroboscopic principle to produce an exceptionally 
high-definition readout in the actual size shown here. 

Through the use of a unique shutter arrangement, a single 
diode-encoding matrix is shared by all columns (5 in the standard 
model), resulting in substantial savings in electronic components 
and circuitry. The fast response time of the Digistrobe 

(56 milliseconds transition from one five-digit quantity to a totally 
different one) permits a single unit to sample several different inputs 
on command through an input selector switch. Up to 15 
individual displays of existing types can thus be replaced 

by a single Kearfott Digistrobe! 


























Incorporating only two moving parts and exclusively solid-state 
switching circuitry, the Digistrobe has extremely long life expectancy 
and requires minimum maintenance and service. Operation 

is directly from the output register of a computer, counter or 

allied equipment, eliminating the cost of intervening circuitry. 

Two years of extensive laboratory tests assure compliance 

with Kearfott’s rigid standards of quality. For complete data 

and specifications, write for Digistrobe bulletin. 











*Kearfott Trademark 





KEARFOTT DIVISION 
GENERAL PRECISION, INC. 
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Je MAKE THE MARK II RELAY WITH 
WEDGE ACTION THE STRONG LINK ———— 





No longer must your design make allowances for unreliable relays. Without moving parts, an electro-opt 
Use the Mark II relay with complete confidence. Shock it with 100 cal relay with a conductance on-oll 
Ck Teme 1 ¢-1-74-0 | @-} Gnd ole ba Ole) a cel-1-) an | G72 0 | 0 bo ORE give it 30 G’S ratio of 1,000,000 to one is capable of 
vibration from 5 to 2000 cps. .. . or switch it from dry circuit levels speeds up to 100 operations per se: 
to 2 amps. Smaller than a cigarette, the device 
can replace a substantial portion of r 
The Mark II can take such punishment because of its exclusive lays, chialaniatiis and ieateniet 
contact action. The moving contact slides with a wedge action . . . it Named the Raysistor, the unit i: 
cleans itself . . . and the increasing pressure during overtravel cludes a light source in the contro! 


virtually eliminates contact bounce, chatter and other relay head- end, which, when excited, actuates 
aches. photo-conductor in the signal en 
allowing either ac or de information t 
pass. The Raysistor has an “on” life of 
Literature now available. 2500 hours, irrespective of the number 
of switching operations and can switch 
ELECTRO-TEC CORP without introducing transients in the 
° signal circuit. Raytheon, Newton, Mass 
South Hackensack, N.J , 
's] Flot ¢-10] 0] a2amn f- Bees @)analelale it -1-¥-lol ame 4 F- Be 


Make the relay the strong link in your system... specify the Mark II. 





Write No. 712 in Bex on Inquiry Card 





Wirewound Resistors 


17/64” in diameter by 27/64” long 
exclusive of leads, a precision wire 
wound resistor employs the 0.2” lead 
spacing required by standard printed 
wiring boards used in computer and 
other military electronic circuitry. Th 
miniature resistor exceeds Mil-R-93B ceed 
and Mil-R-9444 requirements for oper- 35 
ation at 125 C ambient temperatures. J bende 
Non-inductively wound and sealed in ad 
epoxy resin, all units were temperatur 
cycled and subjected to short timé 
overloads to insure reliability. Standard 
resistances are up to 1 megohm and ke 
standard tolerances are as close as a 
0.05%. Power rating for 1% toleranc Nortl 
is up to 0.5 watt for a 125 C ambient. 
Shallcross Mfg. Co., Selma, N.C. 

Write No. 403 in Box on Inquiry Card 


print 
with 
Iry ¢ 


Magnetic Pickup Kit 


Experimental magnetic pickup assort- 
ment designed to solve hundreds of 
control and speed measurement prob 
lems generates voltage or power whe! 
ever ferrous metal objects move in 
close proximity to them. Output is can 
used to actuate electrical or ele hoosti 
tronic circuitry. Four pickups are it npli 
cluded in the kit, thus providing th in a 
user with sizes ranging from submini: 1100 
ture through standard, and both stan proble 
ard output and high output units. Th ulti 
devices can be used to indicate motio permi 
WEST COAST LICENSEE: PACIFIC SCIENTIFIC CO., P.O. BOX 22019, | ‘Pm, sequences, torque, angular posi chann 
LOS ANGELES 22. CALIF. | tion, linear position, speed variation nd 
variation, and operating cycles. Electr) longer 
Products Labs., Chicago, Ill. 
CIRCLE NO. 78 ON INQUIRY CARD Write No. 413 in Box on Inquiry Card 
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Brushless DC Motor 


Brushes, brush racks, springs, _ slip- 
ings, commutators, and other mechani- 
‘al components have been eliminated 
na brushless de motor. This simplified 
lesign not only allows a drastic de- 
rease in motor size, but also eliminates 
adio noise and environmental prob- 
ems formerly encountered in operating 
lirect current motors in explosive gases, 
fuels or in outer space. Motor speed 
an be varied through an infinite range, 
ind only mechanical factors due to 
centrifugal force determine maximum 
limits. Small units can operate up to 
250,000 rpm, and by voltage change, 
speed can be varied linearly to pro- 
vide analog-type stepless control. Oper- 
tional life is now limited only by the 
bearings. Yuba Consolidated Industries, 
Ine., Palo Alto, Calif. 
Write No. 401 in Box on Inquiry Card 


Sensitive Relay 


Four pole, double throw sensitive relay 
designed for service under extreme en- 
vironmental conditions operates on less 
than 100 milliwatts of de power, switch- 
ing four 5 amp (resistive) circuits. The 
relay is approximately 3/4”’x1”xk” in 
size and weighs 1.83 oz. Unit is par- 
ticularly suited for plate circuit appli- 
cations as well as the nominal voltage 
ratings from six to 120 vde. It is her- 
metically sealed and has an operating 
temperature range from —65C _ to 
125C. Various brackets and _— stud 
mounting configurations are available 
ind a_ plug-in header suitable for 
printed circuit use is standard along 
with a hook and pin arrangement. For 
dry circuit applications all or any poles 
can be provided with 24K solid gold 
contacts, Hi-Spec Electronics Corp.., 
North Hollywood, Calif. 
Write No. 402 in Box on Inquiry Card 


DC Amplifier 


Instrumentation de amplifier combines 
the features of three individual units 
package: a differential-input 
wideband de amplifier, a bridge bal- 
ance circuit, and a well regulated 
strain-gauge power supply. In applica- 
tions where a self-contained power sup- 
ply is not essential, two de amplifiers 
can be combined in a single unit, 
boosting from 8 to 16 the number of 
amplifiers that can be mounted abreast 
in a standard 19 in. rack. The model 
1100 amplifier eliminates the hookup 
problems formerly encountered _ in 
multiple-strain-gauge operations. It 
permits savings of $200 to $400 per 
channel, since separate power supplies 
and bridge balance circuits are no 
longer needed. Cubic Corp., San Diego, 
Calif. 
Write No, 425 in Box on Inquiry Card 
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CENTERS TERMINAL 


A high precision, 


| efficient sub-miniature 


| 


| 
| 
| 
| 





relay. Constructed 

to withstand severe 
vibration, heavy shock 
and temperature 
extremes. For 
control systems, 
missiles, computers, 
aircraft and similar 
applications requiring 
miniature size 

and dependable 


performance. 


RELAYS + 





SOLENOIDS 


Nominal Coil Voltage: 26.5 Volts D.C. 

Maximum Pull-In Voltage: 18 Volts D.C. 

Maximum Drop-Out Voltage: 14 Volts D.C. 

Coil Resistance: Approximately 600 Ohms. 

Contact Arrangement: 2 P. D. T. 

Contact Rating: 3 Amps. @ 28 V. D.C. Resistive (max.). 
Maximum Operate Time (N.O. Contacts): 4 Milliseconds. 
Maximum Release Time (N.C. Contacts): 3 Milliseconds. 
Maximum Contact Bounce: | Millisecond. 

Dielectric Strength: 1000 V. RMS, 60 Cycles (Sea Level). 
Minimum Insulation Resistance: 1000 Megohms. 
Maximum Contact Resist: 0.05 Ohm; 0.10 Ohm (After Life). 
Temperature Range: — 65° to 125° C. 

Operating Shock: 50 ‘'G"' for 11 Milliseconds. 

Vibration: 20 “*G''—5 to 2000 CPS. 

Life: 100,000 Operations (Minimum). 

Maximum Weight: .60 Oz. 

Meets MIL-R-25018 and MIL-R-5757C specifications. 


Send for Bulletin § M-2 


ectri¢ 


3349 ADDISON ST., CHICAGO 18, ILLINOIS 


e COILS + SWITCHES + HERMETIC SEALING 
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‘ ; THE MUIRHEAD K-100 WILL SAVE TIME AND SKILLED MANPOWER 


AUTOMATIC 
RECORDING ANALYSER 


FOR ANALYSIS OF NOISE AND VIBRATION SIGNALS 


STEADY AND NON-STEADY SIGNALS ANALYSED AUTOMATICALLY 


Many types of noise and vibration signals can be handled. 
Equipment performs automatic amplitude/frequency analysis 
of steady signals and automatic amplitude/frequency/ 

time analyses of non-steady (time varying) signals. 


COMPLETELY AUTOMATIC OVER FULL FREQUENCY RANGE 
Equipment is fully automatic over entire range of 
10c/s-19kc/s, but can be made to scan only part of 

the range. 


CHOICE OF THREE CONSTANT PERCENTAGE 
BANDWIDTHS 

A choice of three bandwidths is available, 

4 octave, 5% and 1.5%, giving octave 
discrimination of 30dB, 54dB and 70dB 
respectively. 


OUTPUT RECORD IMMEDIATELY 


AVAILABLE 

All results are presented on 
pre-printed amplitude/ 
frequency calibrated or 
amplitude-calibrated papers. 


FREQUENCY ACCURACY IS 
HIGH 


Frequency accuracy of analyser 
alone is 0.5% and on output 
record, better than 1%. 


WIDE AMPLITUDE RANGE 
|ImV-300V, dynamic range 44dB 
generally, or 300mV-300V, 
dynamic range up to 70dB with 


steady signals. 


SEQUENTIAL ANALYSIS OF SIGNALS 


At the end of frequency scan, analyser can be 
made to select new input signal with automatic 
chart advance—making multi-channel analysis 
very simple. 


A 5% bandwith amplitude/frequency analysis of a steady 
signal over range |0c/s-!9kc/s takes only 12 minutes. 


Write for further information 


MUIRHEAD 


Precision Electrical Instruments 


MUIRHEAD INSTRUMENTS INC., 441 Lexington Avenue, New York 17, N.Y., U.S.A. 
Telephone: Murray Hill 2- 8131 
MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada. 
MUIRHEAD & CO. LIMITED, Beckenham, Kent, England. 


Telephones : 3717 & 3718 
Telephone: Beckenham 4888 
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Sub-Miniature Connector 


Sub-miniature connector’s contact pin, 
diameter 0.030”, is said to be 0.005” 
larger than most standard sub-miniatur 
pin contacts. Resulting benefits are less 
bent pins and higher current rating. 
Molding material is glass filled dially| 
phthalate. The need for connector dis- 
assembly is eliminated when using a 
hood. Access to solder cups for wiring 
purposes has been made simple by de- 
sign of snap on-off knurled jackscrew 
knobs. Winchester Electronics, Inc., 
Norwalk, Conn. 
Write No. 417 in Box on Inquiry Card 


400-Position Rotary Switch 


High reliability, removable wafer ro- 
tary switch handles up to 400 positions 
single pole. Switching is transferred 
from one wafer to the next through a 
Geneva gear control unit and its as- 
sociated control wafer. Any wafer lifts 
out instantly for fast, simple cleaning 
or immediate replacement. Switches 
have positive indexing with manual, 
motor or solenoid drive. Wafers are 
available in standard XXXP with silver 
plated etched circuitry or in epoxy 
glass with nickel rhodium or glass 
plated circuitry. Chicago Dynamic In- 
dustries, Inc., Chicago, Il. 
Write No. 418 in Box on Inquiry Card 


Power Source 


50-watt, variable-frequency power 
source with better than 0.01% ampli- 
tude stability and 0.1% harmonic dis- 
tortion enables users of ac voltmeters, 
ac ammeters and digital meters to cali- 
brate their own instruments to labora- 
tory standards. The unit delivers a con- 
tinuously-variable wide range of volt- 
age and current—up to 1500 volts and 
up to 12 amps, at any frequency be- 
tween 20 and 20,000 cps. The power 
source can also be used for high-power- 
level distortion measurements of elec- 
tromagnetic components. Krohn-Hit« 
Corp., Cambridge, Mass. 
Write No, 693 in Box on Inquiry Card 


Acceleration Switch 


Switch is responsive to acceleration in 
one direction along a single axis. Re- 
setting is by means of high accelera- 
tion in the opposite direction of manual 
reset. Rugged design consists of one 


moving unit within the switch housing. | 


Unit weighs 3 oz. and can be hermeti- 
cally sealed. Accuracy is under 0.2g 
and response time is less than 50 milli- 
sec. Eastern Technical Associates, 
North Acton, Mass. 

Write No. 676 in Box on Inquiry Card 
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We welcome modifications 


to our standard 


Power Supply Line! 








% 





Modification of standard Minisource® Model M30-100 

















MODEL 
2E30-100 


military requirement 


Polaris missile submarines are 
the 


precision servo system which drives 


using this power supply in 


and positions the navigational peri- 


scope. Developed by Nortronics, 


Norwood, Massachusetts, the sys- 
tem has proven very successful. 
The critical accuracy necessary for 
navigation required a very stable 


power supply. 


Input: 
115 volts +10% 400 cps +5% 
Dual Output: 
#1 +30 volts D.C. 100 ma 
£2 —30 volts D.C. @ 100 ma 


Line Regulation: 
“SeeeerO05% for 105 to 125 voits input 
Load Regulation: 

1% for 0 to full load 
Ripple: 

1% peak to peak 
Operating Temperature: 


0 to +50°C 
Storage Temperature: 

—65 to +85°C 
Dimensions: 

3” x 2%” x 3%” high 
Weight: 14 


Meets MIL-E-16400b 


MIL- STD-242 


(USN) 


Me 














MODEL SM5-15 





commercial application 


A complete family of temperature indicat- 
ing instruments and bridges, manufactured 
by RdF Corporation (formerly Arthur C. 
New 


shire, utilizes the SM5-15. Small and light 


Ruge Associates) Hudson, Hamp- 


enough to go into portable instruments 
with output measurements to within 2.5°F, 
it is precise and well regulated for use in 


a high 


wind tunnel system with output measure- 


accuracy temperature averaging 


ments to .1°F. 





Input: 
115 volts +10% 60 to 400 cps 
Pm Output: 
+5 volts D.C. @ 15 ma 
Line Regulation: 
1% for 105 to 125 volts input 


Load Regulation: 
.25% for 0 to full load 


Ripple: 
1% peak to peak 


Operating Temperature: 
0 to +50°C 


Storage Temperature: 
—40 to +75°C 


Dimensions: 
5” x 315” 


Weight: 347 





x 142” deep 


ndification of standard Minisource® Model M5-50 
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These are typical examples of Elasco’s flexibility in modify- 
ing the standard Minisource® line to customer requirements. 


Write Now For Your Copy Of Catalog #960 

Do Not Hesitate To Contact Us Regarding 

Your Requirements 
ELASCO INCORPORATED 
FIVE PRESCOTT STREET 
ROXBURY 19, MASSACHUSETTS 
HIghlands 2-1600 
RY CARD 













DESIGN NOTES on 


Control by Rotary Switches 


Rotary-switch Applications 


One of the simplest applications 
for a rotary switch is as a single- 
pole tap switch or a selector switch. 
In such an application, a single mov- 
able contact is connected to one side 
of the line through a slip ring and, 
as it is rotated, it engages one sta- 
tionary contact at a time, thereby 
selecting the load or circuit to be 
energized. By leaving certain sta- 
tionary contacts “‘dead”’ or by speci- 
fying that they be omitted from the 
switch in manufacture, provision 
can be made for “off” positions as 
required. The form of the movable 
contact, or in some instances the 
stationary contacts, can be such as 
to provide break-before-make (non- 
shorting) action or it can be made to 
give make-before-break (shorting) 
action. 


Multi-pole Switching 

Double-pole switching is easy to 
accomplish with rotary switches. It 
is only necessary to gang two similar 
single-pole assemblies on a common 
shaft so that both sides of the line 
are switched when the handle is 
turned. Ganging of rotary-switch 
assemblies is relatively easy in 
manufacture; in fact one advantage 
of rotary switches is that there is 


almost no limit to the number of 


them that can be mounted in 
tandem for operation by a single 
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handle. And when that limit is 
reached, two, three, or more switches 


can be gear-driven from a common 
handle. 


ESCO 
bined 
cost. 

for over 90 


No. 8 of a series 
Complex Circuit Controls 


Probably the greatest advantage 
offered by rotary switches is their 
adaptability to complex circuit con- 
trols. The rotating blades and the 
stationary contacts can be made in 
many different forms. For example: 
multi-fingered blade assemblies can 
provide cumulative switching from 





ASSEMBLAGE 11 

Assemblage 6 
maintains three circuits while add- 
ing one and killing another for each 
position of the handle. Assemblage 
11 permits any one circuit to be 
opened while the other six are kept 


—_ 
ASSEMBLAGE 6 
a common feed. 


closed. Other possibilities depend 
on blade configuration. 








0 
ASSEMBLAGE 4 

By ganging blade assemblies on a 
single rotor, as in Assemblage 9, two 
independent circuits can be con- 
trolled by a single rotary switch, or 
double-break, double-pole _ single- 
throw switching can be accom- 
plished. Assemblage 4 shows a 
ganged-blade control in which both 
shorting and non-shorting contacts 
are combined to suit special circuit 
requirements. 

From these examples, it can be 
seen that the control possibilities 
with rotary switches are almost un- 
limited. Many other examples are 
shown in Electro Switch Catalog 
101-A which lists four-, eight-, and 
sixteen-position switches in current 
ratings from 5 to 200 amperes (de- 
pending on circuits) and in a wide 
variety of styles and mountings. 


0 
E 
ASSEMBLAGE 9 


standard parts or modifications thereof can be com- 
to suit your special requirements, at standard-switch 
We welcome your inquiries on special rotary switches, 
6 of our production is special. 


ESCO oi: WEYMOUTH 


ELECTRO SWITCH CORP. 
Weymouth (Boston 88), Massachusetts 
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COMPONENTS 





Miniature Self-Locking Nuts 


Complementary pair of miniature float 
ing anchor nuts for the assembly of 
miniaturized electronic 
designed for dependable self-locking 


performance at operating temperatures | 


up to 550 F. Parts are engineered to 
conform to the requirements of Mil-E- 
19600 for vibration, shock and crash 
safety and to Mil-N-25027 (ASG) for 
locking torque. 

Type LHA4259 straddle mount 
inchor nut offers a simplified non-de- 
forming method of fastening 1/16 
printed circuit boards to interior walls 
and brackets of electronic units. Par 
allel lugs centered on the nut basket 
straddle the edge of the board 
are fastened by two 1/16 rivets. 

Type LHA27M, a right angle float- 
ing anchor nut is for attachment of 
cover plates. Built-in float of the nut 
body permits it to be self-locating and 
allows for possible misalignment be- 
tween screw and nut. Elastic Stop Nut 
Corp., Union N. Jersey 


ind 


Write No. 573 in Box on Inquiry Card 


Speed Reductor 


Step-function speed reductor is said to 
have new improved precision gears, 
redesigned bearing construction, con- 
tinuous lubrication and stronger design 
Units provide either a single geared 
reduction ratio or a continuously vari- 
able, friction type speed change of 
limited ratio. Any one of ten speed 
ratios may be selected at the twist of 
a dial, without stopping input shaft 
rotation. INSCO Co.. Groton, Mass. 


Write No. 685 in Box on Inquiry Card 


Hydraulic Seal 


Non-split linear-motion ring seals can 
be used at temperatures from —425 
1500 F. 
Seal, the unit consists of a metal lip 
fastened in a stainless steel ring. The 
ring is specifically designed to support 
the lip in axial direction and to prevent 
blowout under extreme pressures. The 
seals have been tested under hydraulic 
pressures in exceed of 20,000 psi with- 
out showing leakage or other ill effects. 


to 


Also, they are compatible with practi- J 


cally all hydraulic fluids and gaseous 
media. Each series comes in 37 stand- 
ard sizes, in bore diameters ranging 
from ” to 7”. Gits Bros. Mfg. ¢ 


Chicago, II. 
Write No. 324 in Box on Inquiry Card 
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ethode 
Analog Computer Operations 


Connectors 


5 page technical report, “Mathematical Applications of 
the Dynamic Storage Analog Computer” details the appli- 





ations of a computer which innovates automatic repetitive Designed for aircraft, radar, and 
peration at frequencies of 60 cps and high speed memory | PRINTED CIRCUIT missile applications. Especially 
vith a tracking error of less than one microsecond. Dis- | PIN and SOCKET suitable for use with printed 
ussed are sequential calculations through time sharing CONNECTOR circuit boards oF, Plyo-Duct, 
! computer elements; use of memory to obtain definite Series MD-1100 and $D-1100 Methode’s flat  multi- 


tegrals for automated, self-solution of optimization prob- conductor cabling. 


lems; solution of multiple integration problems by a com- rg ln 

hinati f repetiti % 1 real-time eer " tnaeetiia MIL-C-8384 specifications, these 
ination o repetitive anc real- ime operations oge er new connectors utilizing pin and 
with continuous or point memories; and the solution of socket contacts will be most 
partial differential equations. Full schematics of com- desirable for many 
oni ae ; , licatio 

puter circuitry illustrate solution of problems discussed. applications. 


Exceed the requirements of 





Source: Computer Systems, Inc. 
Monmouth Junction, N.J. 
For your copy: Write No. 652 in Box on Inquiry Card 


Semiconductors 


20 page catalog detailing a complete semiconductor line 
ontains electrical and physical parameters silicon solar 
levices, silicon. transistors and diodes, silicon controlled 
ectifiers, zener regulators and zener reference devices. 
Source: Hoffman Electronics Corp. 

El Monte, Calif. 
For Your Copy: Write No. 834 on Inquiry Card 


Flexible Shafts 


(0 page handbook contains simplified approach to the 
selection of flexible shafting with descriptive material, 


harts, tables and drawings. Also included is information | : RELI-ACON 


n a new, simplified engaging system based on integral » iy FEED-THRU 
formed square drives and improved remote control and | Fe = —§) STYLE CONNECTOR Series FTD 1500 
power drive flexible shafts. Described in detail are the | P= These connectors employ a tri-fucated contact which 
idvantages of flexible shafts, their function and success- he ee withstands and exceeds the extreme vibration requirements 
ful applications. he f MIL-E-5272. Presently available in 15 contacts on “2 inch 
BIO al i center for a 

Source: S. S. White Industrial Div. i : > | En 33 hte 

New York, N.Y. 3 nvironmental 


For Your Copy: Write No. 830 on Inquiry Card 


Flexible Shaft Assemblies 


Announced for the first time are standard flexible shaft 
issemblies of over 180 variations which are listed in a 
italog. The standard assembly is offered in four differ- 
ent cable sizes, 0.130”, 0.150”, 0.187” and 0.250”, with 
either uni-directional type cable for motor driven or high 
speed applications or directional type cable which _ is 
used basically for hand operated control applications. 
Source: F, W. Stewart Corp. 

Chicago, III. 
For Your Copy: Write 831 cn Inquiry Card 


+ 





Bearings 

Extended performance in bearings for missiles and space- 

craft is the subject of a comprehensive guide booklet | [RAMMAMMMMMRM SIL, 

that sums up major applications for an entire line of | and data are available on 

inti-friction bearings. Specific features, such as rugged- | [RMMAMIE EERIE ) 

ness, long life, flexibility and temperature-resistance are types . . . write today. e/ manufacturing 

lescribed. <a rated g Us 

Source: Torrington Co. se Lt i 4 mun eee 7447 W. Wilson Ave 
Torrington, Conn. be one Chicago 31, Il. 


For Ycur Copy: Write No. 826 on Inquiry Card | 
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By using UNITED ELECTRIC’s Type J6K or Type J27KB 
control, it is possible to control accurately the dif- 
ference in pressure between two pressure or vacuum 
sources. The J6K contains a single switch; the J27KB 
is a dual switch control. 





System Differential... .. Up to 90 psi. 

J6K — can be set between limits of 
6" Hg and 3 psi. 

J27KB — can be set between limits of 
1” Hg and 5 psi. 


Switch Ratings......... 15 amps. at 115 or 230 volts A.C. 
Also 20 amps. or D.C. switches on 
specification. 


Switch Types.......... N.O., N.C., or Double Throw — no 
neutral position. 














J6K — internally located, uncali- 
brated adjustment wheel. 


J27KB — each switch has inde- 
pendent, uncalibrated adjustment 
screw. 


Electrical Connections..| Made to screw terminals on switches 
through clearance hole in enclosure. 


Pressure Connections...) Two 14” female NPT pressure con- 
nections. 


J6K age 7540" x 427%" x ae 
J27KB — 7% 4” x 61%" x 274". 


Approximate Weight....| JK — 214 Ibs. J27KB — 2 lbs. 




















UNITED ELECTRIC manufactures a complete line of 
temperature, pressure and vacuum controls, Standard 
units can be modified or custom-built units made to 
your specifications. Additional information on pres- 
sure and vacuum controls is available upon request. 


United Electric Contrals 


COMPA MN Y 
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| MORE DESIGN FREEDOM 


accurate motion 








SIERRA MINIATURE MECHANICAL 


CHAIN AND SPROCKETS... 


Provide precise, positive motion transfer 
through several planes simultaneously with 
no cable slippage...no complicated gearing. 
Unlimited center-to-center selection for min- 
iature and sub-miniature assemblies in servo 
systems, gyro systems, special cameras, 

| electronic equipment, and small precision 
instruments. Less weight, cost, maintenance 
—wider tolerances. Designed to operate 
around minimum 7-tooth sprocket with root 
diameter of .250 inches. Chain pitch 

.1475 inches; Weight .45 oz. per lineal ft. 
Material: stainless steel, or other materials. 





123 E. Montecito Avenue, 
Sierra Madre , California 


-— 


application data, 








NEW | 
CATALOG 






q 








Contains useful 


specifications, 
tables on chain 


pitch and sprocket 
sizes, suggestions 


for calculating 
center-to-center 
distance. Write 
for yours today. 


T. M. REG. 
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Design Engineers 


General Electric Computer Dept. 
Embarks on Vigorous New Program 
in Industrial & Commercial Computers 


G. E. is establishing its leadership in non-military computers with 
energetic expansion in every phase of its operations. At Phoenix, 
Arizona and Palo Alto, California new units for advanced design 
and development of peripheral equipment for digital systems need 
alert, competent men who seek a really bright future in the industry. 


Mechanical Design Engineers 


Experienced in precision engineering, electromechanical design, kinematics, 
mechanical research or related mechanical and electromechanical computer 


components. BS in ME, EE or Physics. 


Electrical Design Engineers 


Experienced with transistor circuitry, logic design, computer systems engi- 
neering; or background involving design engineering on general electronic 
systems incorporating computers. BS in EE, ME or Physics. 


Also Opportunities In: 


Product Planning « 


Computer Sales & Applications 


Write informally in confidence to Mr. J. E. Torrey, Dept. 29-MK. 


COMPUTER DEPARTMENT 


GENERAL @@ ELECTRIC 


P.O. Drawer 270, Phoenix, Arizona 
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RIGHT ANGLE 


\ ae DRIVES 


Type PRAD: Right angle drive for remote opera- 
tion of low torque units. Designed for continuous 
low-speed operation (loads up to 50” ounces), 
and intermittent high speed operation (up to 500 
RPM) with loads up to 100” ounces. Less than 
1%° backlash; drives and shafts of various 
lengths; various size output hubs; brass gears; 
stainless steel shafts, bushings and sleeves; 
die cast zinc housings. 


Type RAD: Right angle drive. For ganging capaci- 
tors, potentiometers or other parts in heretofore 
inaccessible locations on chassis. Die cast zinc 
housing gears. 


Type AN: Time-tested vernier mechanism. 
Designed for use with any 3/16” National knobs 
and others. Drive ratio: 5 to 1; drive shafts: 
3/16”, 1/4” or to specifications; fully insulated 
output shaft coupling; output hub fits %” shaft; 
readily adaptable to many types of drives. 


Type AVD: Vernier mechan- 
ism. Similar to type AN 
(above) except that output- 
shaft is non-insulated. Di- 
mensions: over-all diameter 
2-9/16”, length 1-15/32”. 


Write for new National Company components 
catalog! National Company, manufacturers 
of an extensive components line, invite 
inquiries for these and other electromechan- 
ical parts. For special components or a 
design or development problem, write: 

® 


National 


MALDEN 48 MASS. SINCE 1914 
'° le 
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For Your 3-Ring Binder 


NEW DATA SHEETS 


Most of these data sheets contain complete specs, mounting configurations 


and other important details associated with the application of the produc, ¥ 


described. For your free copy of the data sheets listed on this page, ent 
the appropriate number of the item on the Inquiry Card. 


Pressure Transducers 918 


Incorporating a variable reluctance pressure 
transducer and stable electronic circuitry in 
a single package, pressure-to-voltage trans- 
ducer systems operate from unregulated 28v 
de aircraft and missile power supplies. Units 
measure pressures from 0-0.1 to 0-5000 psi 
gauge and differential; 0-2 to 0-5000 psi 
absolute; and +0.1 to +2500 psi differential. 
Ultradyne, Inc., Albuquerque, N. M. 


amps. 


Test 


Data Conversion 916 


An inexpensive test jack for use with jal 
diameter probes requires no external iy 
ware for mounting “ 
chassis. Because of the method of inst 
—simply pressed into a pre-drilled ory 
hole—the unit is designated “Push-Fit", Gm 
tacts are beryllium copper, electro- 
to meet the requirements of the 
electronic circuit. Insulators are molded¥ 
Augat Bros., Inc., Attleboro, Mass. 


Converting system parametric voltage 
measurements to a digital equivalent for use 
with FM-telemetry systems, magnetic or paper 
tape recorders, a low-cost airborne digital 
data system produces highly accurate digital 
presentation of ‘“‘yes-no”’ type of information 
not degraded by transmission media. Although 
developed as airborne equipment, the system 
can also be used in industrial applications of 
control, instrumentation, laboratory develop- 
ment and research. Constructed entirely of 
solid state components, except for electro- 
mechanical input switching relays, the system 
in cludes input multiplexing, an analog to 
digital converter, output switching, channel 
identification and parity checking. Twelve 
channels, 120 samples a second, conversion 
accuracy of +0.2%, a 10 millivolt resolution 
and repeatibility and a total weight of 9.5 lIbs., 
are some of the characteristics. Curtiss-Wright 
Corp., Albuquerque, N. M 


Transistorized 
lates four bit 


Latching Relay 


Sub-miniature crystal-can rela 
tact loads from dry circuit ¢ 
Standard unit is designed for 
all aerospace and undersea r 
meets Mil-R-5757C and Mil-R-250 
Relays, Inc., Costa Mesa, Calif. 


Jacks 


Binary Code Translator 


equi 


Y permits eq, 


onditions ty 


into a panel } 


(NOT- 





Nes OAV 


NEES! 


DELIVERED ON REGULAR 
PRODUCTION BASIS 


ALL SIZES — 8 through 23 
ALL STANDARD TYPES—Computing, Data Trans- 
mission, Phase Shifters and Sweep 
ALL ENGINEERED & MANUFACTURED TO: 
MIL-R-14346 
ALL AVAILABLE WITH 
@ Thru-Bore Design 
@ High ay og | Exclusive Brush Block 
@ Stainless Steel housings, shaft, bearings 
@ High voltage capabilities between stator and 
compensator windings (on feedback units) 
A major break-through, made possible by VERNITRON 
specialization in precision synchro and resolver design 
and manufacture. 





| WRITE, WIRE, 
| PHONE NOW for 
{complete price de 
\ livery and specifica- 
| tion data; ask for 
tNEW Vernitron 
{ Condensed Catalog 


ERNI TROP 


ae ee re Oo FR a 8 
THE QUALITY NAME IN PRECISION SERV 


127 Old Country Rd., Carle Place, N. 
1742 So. Crenshaw Blvd., Torrance, 


oOo ™ 


Y.—Pioneer 1-4130 + TWX: 
Cal.—FAirfax 8-2504 ¢ 





° COMPONEM 
G-Cy-NYe 


ARD 
CIRCLE NO. 90 ON INQUIRY C ELECTROMECHANICALD 


pats circuit module} 
inary codes to decims 
migned for plug-in mounting, it con 

AND-gates with INVERTE 
The output of each NOT-AND gate isa 
voltage representing one mal nw 
Datex Corp., Monrovia, Calif. 


irements avi 
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